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Abstract: VHDL has successfully been introduced into the novelties of SDHcompared to theprevious PDH are
design methodology for VLSI ASICs. This paper describes a inherent management arglrveillance capabilities. These
high-level data abstraction and supporting toolthat enhance fegtures have caused increased interest in design
i“s‘i r‘gﬁ}hogt"'ogr}’ 'Pnt]hi telec?nmvr\:wum%e:tl%n S%p"iﬁﬁ'o; d%m"’t"h"' methodologies for VLSI ASICsSDH network elements

signiticant periormance gain was obtained by Introducing e -, . ass huge amount data. AnSDH terminal multiplexer
data abstraction outside the VHDL simulator. The enhanced h f 2.5 Gbit/ h the
methodologyhas been used in current ASIC designs witgood can have an aggregate rate of 2. s, w e_realsn
results. complex cross-connects procdssndreds of Gbit/s. Thus,
even if the basic processeare still multiplexing and
I. INTRODUCTION demultiplexing, thenew SDHfunctions has introduced

The introduction of VHDL in the development functionally more complex processing in the equipment.

methodology for VLSI ASICs shiftethe design paradigm
from capture-simulate to describe-validate-synthesize [1]. Il. ASIC DEsiGN METHODOLOGY
Much efforthasbeenput into the research on synthesis [2]. This section elaborates on where in the ASIC defiayn
As a resulttoday synthesis systems have sufficient qualife data manipulation is needed. In a strict Piesgew
for designing ASICs, whethe utmost performance of thénethodology [6] each phase is performed as a sepaske
technology isnot needed [3]. When ASIGse the end The next phase is not startbdforethe previous phase has
product, for example for microprocessor vendors, tR€en concluded with an approval at the final review.
deterioration caused by synthesis tools rist always Figure 1 shows ammplementation of thé®hase-Review
acceptableThe introduction of synthesis raised taeel of Process for ASIC desigfthe situation is idealized; does
functional abstraction from gate-level schematics to RT0Ot capture the inevitable iterations or tleencept of
This paradigm shift made jtossible to use a longpart - of concurrent engineering [7]. For the purpose¢had paper the
the overall shorter development time othe functionrather model is, albeit, sufficient to demonstrale benefits of the
than onimplementation aspects. l.e., instead of drawirfgveloped methodology and tools.

\% \%

schematics more time can be spent on validating — D — D
This paper concentrates on validatiomPA&IC designs at ! I "

behavior of the design.

the RTL and gate-level. This work is related to the Figure 1. Phase-Review methodology for ASIC development.
telecommunication application domain, specifically SIp4 RTL validation isrequired to ensure consisteriogtween
for telecommunication networks. this application domain agc specificatiorandRTL VHDL(Reviewll). Furthermore
RTL VHDL is quite convenient focapturing the fur!ctlonal the RTL validation isthe basis on which thgate-level
aspects ofthe design. _The natural d_et;qaes bit and implementation is validated (Review II1).

bit_vectors [S]are convenienfor the functionaBspects but  The following section elaborates dhe options available
are cumbersome to use for representatiordafa from the o gesign reviewandespecially reviews landlll in Figure

environment. This isaused bythe large amounts of data a|so, the reason for using validation and not verification is
needed. Thus, seen from a designeiesvpoint, themain jiscussed in the next section.

problem is presently handling stimuli and response data.
SDH transmission networks are theackbone for 1
transport of all kinds oftelecommunication traffic. The

. DESIGN REVIEWS

There are basically two methods for checking
consistency; formal verificatioand simulation [8,9]Formal
verification requires a description of the specification and

1 SDH, Synchronou®igital Hierarchy, is used irhis
paper, but the ideaasnd results careasily betransferred to
SONET. 2 PDH, Plesiochronous Digital Hierarchy




implementation in a formal systeifihe formalsystem needs IV. SDH DATA M ODEL

to include proper behaviorahdtemporal abstractions. The  The solution tohandling the large amounts of data is
behavioral abstractions should, for instancepe with the gpstraction. A formalism for describir®DH data hasbeen
left-outs in the specification; i.e., the don't care set. Thgtaplished. ETSIrecommendations [10] define the SDH
temporal abstractions should handte, examplethecase of gata structuresnd network element functions in a layered
a sequential algorithm specification versus its schedulgdhion much like aoftware protocol stack. lthis work, a
implementation. Furthermore an automagioof-system is set of SDHokensandvalues have been defined based on the
needed. Theproof-system should be capable of provingTs| terminology. Tokens correspond to the information
certain properties of a design (specification verification) a'f%es present in each layer. Values define the actual
to prove equivalence between design descriptiofformation. To incorporate the notion of time, rules for
(|mplem_entat|on v_erlflcatlon)_. I_t should perform tlpepofs specifying SDHdata bysequences of SDkbkens have been
automaticallyand find adescriptive counter-example in casgefined. The resulting ASCfiles are calledSDHdm scripts.

of contradiction. Such a formalystemand accompanying The SDHdm scriptsand thesupporting progranSDHdm
tool are not availablget, as forall but the simplest designs.cqnstitute the SDH data model.

Nevertheless, the theoretical basis is orwiay, and formal The SDHdm program performs translatiorbetween
verification will certainly play a role in future designspHdm scriptsand SDH data. The reasofor not using the
methodologies when the tools and interfaces mature. ~ spHdm scripts directly astimuli for the VHDL simulations

Simulation requires an executable modeltta design; \yas ease of implementati@nd diversity. Lexical analyzers
e.g., aVHDL simulator and avHDL description of the ang parsers areasily created withiexlyacc tools. The
design. VHDL has been selected as basithiedevelopment jyplementation also benefits from anbject oriented
methodology, because tfe broadange oftools available. jmplementation; e.g., multiple instances of a layer are
The simulator and thenodel form the basis butre only created as multiplebject instances of the corresponding
useful with a suitable set of stimuli and proper analysis of tl?ﬁ/er class. Theliversity is obtained byiaving both a C++
response. A suitable set of stimuli is the first hurdle. {8DHdm) and aVHDL interpretation (the design) of the
theory for a combinational circuitall possible input spH recommendations. Becautiee source code differs in
combinations areneededand for sequential circuits allpgip structureandsyntax, errors caused by cut-and-paste are
possibleinput combinations with the circuit iall possible gliminated: i.e., error replication isavoided. Finally,
states are required. This is afurse not realistic foall but oyecution of binaries compiled directly from C++ was
the smallest designgind is theeason forthe interest in expected to be fastethan VHDL simulation. The
formal verification. Sufficing with lesshan thetheoretical experimental results listed later confirm this assumption.
requirement is the working solutidnday. This means that  Tpe paradignfor usingthe SDH data model is shown in
only validationand notverification is done. Thusnsight by Figure 2. The expangrocess takes an SDHdm script as
the designers is required to select the stimuli set. input andproducesthe corresponding stimuli set in bit or

Having selectedhe stimuli andun the simulation the pyte format as needed. The resporfdes generated from
secondhurdle occurs, analyzing the response. For smajiher RTL or gate-level simulatiorare interpreted by a
response setthis can bedone by inspection or better bycondense proceshis process condenselse responstle

comparing with an expected response set. Inspectimased |y transiating the data to the SDHdm script syntax.
on human operation and thusequires a compressed

— -
representation of the information. Manual inspection of large H HH

response sets is not a secway ofdetecting errors. Using HH
the comparison approach requires a refereflgis.reference L= Eroend

can be a direaeference where a one-to-one equivalence can HHH
be determined, buhis demands creation of suchiederence Guoves) 7L Comeree o
set. Indirect comparison is done by checking properties in the Figure 2. Paradigm for using the SDH data model.

response according to a reference set wittigaerlevel of
abstraction.

The consequence dhe above isthat simulation oVLSI
ASICs for SDH atthe RTL and gate-level requires a A part of SDH, termed multiplex sectioadaptation, is
substantial amount of input datand generates a Used as an example dfie application of th&DH data
correspondingly large set of output data. A solution to tAdel. Thebasicunit in SDH signals transmittedbetween
problem of generatinghput for simulationsand analyzing network elements is the STM-frame. An STM-1 frame is

simulation output will be discussed in the next section. ~ shown in Figure 3. lhas 9rows and 270 columns. Each
position contains ondyte. Rowsare transmitted one after

V. EXAMPLE

3 ETSI, European Telecommunication Standards Institute
* STM, Synchronous Transport Module.



another. The STM-1 is synchronous to the network elementBy now it should be cleathat generatinghese stimuli
clock, which generates the STM-1. #DHthe STM-1 frame sets byhand isout of the question. Thus, prior to the
contains one VC% The VC-4 is not necessarily conception of the SDH data model, simulation of a connected
synchronous to the networélock. To absorb phase andointer generator (PGnd pointer interpretevasthe only
frequency variationbetweerthe VC-4clock and theSTM-1 solution to perform the validation. But the pointer generator
frame clockthe VC-4s are floating within the AUGrea of will not during normal operation perform the required
the STM-1. As shown in Figure 3, a pointer in the AU@ointer operations. Even iforced to dothe required
points to the beginning of a VC-4. The pointemaiways in operations, still no VC-4 data will be included without a
the same position of the STM-1 franidotethat aVC-4 will VHDL model of the VC-4 generator. Furthermore biaek-
normally be divided ovetwo STM-1 frames. The pointer into-back interface of a pointeinterpreter and pointer

the current STM-1 marks the beginning of a VQkatends generator through a pointdsuffer (PB) should also be
just beforethe position pointed to by the pointer in thehecked. The complete test scenario is shown in Figure 4.
following STM-1 frame. AsIC1 sic2 sica

Source Sink
\ AUG
261 PG P
: Jl. A A

Figure 4. Test scenario for pointer interpreter and generator.

The SDH data model breaks the connectidmeween the
ASICs as shown in Figure 5.

ASIC1 SIC 2 SIC 3

pointerN

| A
K
_H

vVC-4

-
Figure 3. STM-1 and VC-4. Source Sink
The firstbyte inthe VC-4 is called JBnd contains one

byte of amultiframed trail trace identifier. A traitrace
identifier is a 1@ytestring in E.164 formaf10]. The AUG

eH

pointer can takeralues from 0 to 782 corresponding to the
783 possible locations tfie Jlbyte within the AUG. Only T T
everythird position in columns 10 to 270 of the STM-lare — —
legal J1 positions. (@tes @ (anbytes @
Oneway totestthat theRTL VHDL model of the pointer v A \ A
interpreter (PI) finds the correct position of the VC-4 iS:[ sum ” . Soram
Generate stimulihat contain STMLs with embedded VC-4s Eend Concenee
thathave a recognizableail trace identifierSince thetrail v A v A
trace identifier is 1@ytes atleast 16 frames are required. @ @
Sixteen frames contains 311 kbits. This test will in the == =
fO”OWing by referred to as themall test Figure 5. Test scenario for pointer interpreter and generator using the SDH data model.

The pointer value iscontinuously adjusted based on  thg gojutions for the two mentioned tests are quite simple

bufferfillings in the network element generating the STM'lusing the SDH data model. The input scfistthe small test
The algorithmfor adjustingthe pointenvalues prescribes ajg shown in Figure 6

minimum spacing of 3 framelsetweenpointer operations.  gynanding the input scripts results timo datafiles in
Increment anddecrement pointer operations adjust thg e format. Azan be seen in the Table 1 the raw size ratios
pointer valueand the V&is aremoved correspondingly in peqyeeninput script and the stimufile rangefrom 1¢ to

the AUG byinserting stuffing or extra dategspectively. To 1 The generated stimuli can hesed asinput for
perform a thorough test of the pointer interpretiérpointer ¢ ulation of both ASICs 2 and 3 in Figure 5.

values should be entered via both incrensrd decrement Condensing the stimulfiles generated bythe above

operations. Such a test requires 2*4*783 frames; i.e., 67&‘band operations corresponds to analyzing réEponse
frames containing 122 Mbithis test will in thefollowing  fom simulations of ASIC &nd 2 inFigure 5. The results
by referred to as tharge test are presented in Table 2. Tlendense ratiosre not as
impressing as the expand ratios, but the radidg cover the
size relationship between the two representations.

®\/C-4, Virtual Container of 4'th order.
® AUG, Administrative Unit Group.



Table 1Expand results
Test Expand script Stimuli file Expand ratio SDHdm execution tifhe
[bytes] [bytes] [CPU sec.] VI. CONCLUSIONS
Small 209 131,400 629 04 To evaluate the applicability of tHeDH data model, it
Large 494 45,851,300 92,820 199|7 . . . .
was introduced to ASIC designers working on commercial
Table ZCondense results projects.The designerwere developing ASIC of sizes up to
Test | Responsefile | Condense scrip] Condense ratio | SDHdm severalhundred thousands gates. The confrontation of the
[oytes] [oytes] Pxeton mé model with a realife design scenario of course resulted in
Small 131,400 587 224 24  numerous additional features, but also led v@ry thorough
Large 45,851,300 449,52! 10p 1006{1

evaluation of the applicability. Byow simulations o&ll but
'Er%simplesblocks useéhe SDH data modekxtensively Part

of the success was due the abstraction of data self.
Designers were able talter their stimulifor even large
simulations in @ew minutes, and t@nalyze large response
¥s more thoroughlthan before. Another cause of its
success washe point ofdiversity as mentionedefore.
Because the software represents an independent
implementation of the recommendations a numbebuafs
were revealed.

The flexibility and performance of th&DH datamodel
make it possible to validate designs more thoroughly and
fasterthanbefore.This is akey factor in securing the design
process and to reduce time-to-market for products.

The SDH data model covers the SDH relevant parts of the
multiplexing hierarchy. Iwould be fairly simple to extend
the model tocover SONET.The basic idea of a domain
specific data model should also be applicable to other
domainsthan telecommunication. The conclusion is thus,
that a significantperformancegain can beobtained by
handling high-level data abstractiooutside the VHDL
simulator.

The post processing and interpretation are much easie
the condensed version of the d#dtan on theactual bits and
bytes.Figure 6 shows the condense result fromstinall test
For the small test thenain check isthat the Jleventually
becomes " VC-4 trail trace". For the large test the J1 rem
" VC-4 trail trace" while the pointewvalues and types,
indicated by the AUPTR token, change as expected.

Input to Expand Output from Condense

{
MS-1-Al = NORMAL ;
AUPTR(1) = UNKNOWN ;

MS-Al = NORMAL ;

$4-CI() = NORMAL ;

J1() = " VC4 trail trace” ; } FOR 2394 BYTES

{
AUPTR() = NDF ; } FOR 2394 BYTES
AUPTR()=0;

} FOR 1 FRAME ; MS-1-Al = NORMAL ;

AUPTR(1) = NORMAL 0 ;

AUPTR() = NORMAL ;

} FOR 17 FRAMES ;

} FOR 33669 BYTES

} FOR 18 FRAMES ; {

S4-Cl(1) = NORMAL ;
J1(1) = " VC4 trail trace";
} FOR 3915 BYTES
} FOR 38304 BYTES

Figure 6. SDHdm scripts.

By using the standardNIX utility grep it is possible to
filter the condense scriptsery effectively. Inthis case
searching forthe pointer toke®UPTR and the traitrace
identifier token J1 is useful. Extending the filtering to
remove NORMAL pointerandJ1s with theexpected values
further reduceghe data to inspect. Table 3 lists fhe sizes
after post processing witirep

Table 3Post processed condense results
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