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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DELAY AND POWER CALCULATION STANDARDS -

Part 1: Integrated circuit delay and power calculation systems

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/the TEC is to promote

entrusted to technical committees; any IEC National Committee interested j
participate in this preparatory work. International,
with the IEC also participate in this preparation. The

with may

of standards, technical specifications, technical reports
Committees in that sense.

S \ey ar& accepted by the National
e

4) In order to promote international unificat uhdertake to apply IEC International
Standards transparently to the maximum i in their national and regional standards. Any
divergence between the |IEC Standard and i
indicated in the latter.

International Standard
Design automatio

This standard
calculation sys

d P1481 (1999): IEEE Standard for delay and power

The tex{of thi is,based on the following documents:
FDIS Report on voting
93/143/FDIS 93/144/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This standard does not follow the rules for the structure of international standards given in
Part 3 of the ISO/IEC Directives.

IEC 61523 consists of the following parts, under the general title: Delay and calculation
standards:

IEC 61523-1, Part 1: Integrated circuit delay and power calculation systems

IEC 61523-2, Part 2: Prelayout delay calculation model specification of CMOS ASIC libraries
to be published
(tobep ) Documents
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The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
+ amended.

@%
N
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Introduction

The objective of the Delay and Power Calculation System (DPCS) is to make it possible for integrated cir-
cuit designers to consistently calculate chip delay and power across Electronic Design Automation (EDA)
applications and for integrated circuit vendors to express delay and power information only once per tech-
nology while enabling sufficient EDA application accuracy.

This is accomplished by a coordinated set of standards which support a standard method to describe timing
and power characteristics of integrated circuit design units (cells and higher level design-elements); a stan-

A major integrated circuit design problem is to ensure the chip
requirements. At this time in the EDA industry, there are numerous m

ing synthesis, floorplanning,
. A fundamenta requirement

A Initiative (Si2) to standardize on contrib-
Language (DCL) and its companion proce-

The P1481 Working Group is composed of four subgroups: Architecture, Language, Parasitics and Cluster-
ing, and Power. The members of each of these groups are members of the P1481 Working Group. The P1481
Working Group has a vice-chair liaison with Japan to coordinate development and review of the specifica-
tion there. The IEC TC93 WG 2 also participates in the review and development of this specification.

In addition to numerous individua contributors, both OVI, VHDL Internationa (VI), and Si2 have played
significant roles in the development of this standard and funding of the technical documentation.
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DELAY AND POWER CALCULATION STANDARDS -

Part 1: Integrated circuit delay and power calculation systems

1 1. Overview

The Delay and Power Calculation System (DPCS) standard is a coordinated set of standards which support a
standard method to describe timing and power characteristics of integrated circuit design units (cells and

S higher level design elements); a standard method for EDA applications to calculate chip design instance spe-
cific delay, slew, and power for logic and interconnects; and standard file formats to exchange chip parasitic
and cluster information. The four distinct standard specifications covered in this document include:

— A description language for timing and power modeling (DCL).
10 — A software procedural interface (Pl) for communications between EDA
libraries of DCL descriptions.

15

20 grated circuit vendors to express timing

o5 well to representation of tj

circuit vendor~supplied
30 EDA applic
specifying stahdére’e

35 exchande fil

As feature siZes fgr'chips shrink below 0.5um, interconnect delay effects outweigh those of the logic cells.
This means placement of cells and wire routing of the interconnects become as important a factor as the type
of cell drivers and receivers on the interconnect. As aresult, EDA logic design applications (such as synthe-
sis) now need to interact closely with physical design applications (such as floorplanning and layout). Appli-
cations that before could consider only simple delay and power models now need to deal with complex delay
and power equations. The designer now needs EDA applications which can be directed to specific timing
constraints, and provide consistent and accurate characterization of a chip’s timing and power before it is
manufactured. Plus, due to the complexities of the delay and power equations, the integrated circuit vendor
needs to have control of application calculations and not be restricted by unique characteristics of the broad
set of applications demanded by the customers (the designers).

S0 Over the past few yearsit has become increasingly apparent modern VLS| designis no longer bounded only
by timing and area constraints. Power has become significantly more important. In an era of hand-held
devices, ranging from mobile computing to wireless communication systems, managing and controlling
power takes on an important role.
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Several benefits can be attained from low power designs in addition to extended battery life. Low power
devices often run at lower junction temperature which leads to higher reliability and lower cost cooling sys-
tems. There are also several challenges for calculation and modeling of power (and delay) in deep-submi-
cron (less then 0.25um) designs. Now, EDA tools can accurately calculate and model power by using this
DPCS standard.

1.3 Contents of this standard
The organization of the remainder of this standard is:

— Clause 2 (References) provides references to other applicable standards that are
for DPCS.

— Clause 3 (Definitions) defines terms used throughout the different specifjeati i in this
standard.

— Clause 4 (Acronyms and abbreviations) defines the acronyms used j

— Clause 5-1 (High-level DPCS architecture) gives an overview of
dard fit together to achieve the DPCS goals.

— Clause 6 (Delay Calculation Language (DCL)) provides the
model timing and power.

sed or required

calculate accurate delays.

— Clause 10 (Physical design exchange) provides ication for the exchange of floorplan clus-
tering information whjch is used to provide mqre atguratetiming cal culations based on approximate
layout.

— Annexes. Foll es of normative and informative appendices.

9,
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1 2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply.

1SO/IEC 9899:1990, Programming Languages— C

10
15
20

| @%

30 @
RN\
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1 3. Definitions

For the purposes of this recommended practice, the following terms and definitions apply. IEEE Std 100-
1992, The New |EEE Standard Dictionary of Electrical and Electronics Terms, should be referenced for
5 terms not defined in this standard.

3.1 application, EDA application: Any software program that interacts with the delay and power calcula-

tion module (DPCM) through the procedural interface (Pl) to compute instance-specific timing values.

Examples include batch delay calculators, synthesis tools, floor-planners, static timing analyzers, etc. See
10 also: delay calculation module, procedural interface.

3.2arc: See: timing arc.

3.3 argument: The value or the address of adata item passed to a function or prgCedy

15
20
25
3.7 bias: The time difference between the data ival thmeand > specified signal edge (e.g., of a clock)
Also, the Bl AS clause used if en
30 3.8 bidirectional: A pi ogic signals onto an interconnect and receive logic signals
fromit (i.e., act both a
and/or pnets, or of pins and/or nodes. If the items collected in
y of may not correspond to alogical bus described in the netlist
35
offen computed as an approximation to an Resistor/Inductor/Capaci-
vat characterizes the admittance of an interconnect structure at a particular
asifics and pin capacitances to a C-effective allows the calculation of delay
cell characterization data which assumes a pure capacitive output load. Syn: effective
40

means the timing properties of the cell are directly described in the DPCM without reference back to the
application for the internal structure of the cell. This primitivenesstypically isaresult of the characterization

45 of that cell by the semiconductor vendor, but it may instead be a result of the construction of atiming model
for asub-circuit by the application and itsloading into the DPCM at run-time. For PDEF, cell refersto alog-
ical instance and alibrary primitiveis called agate.

The term cell can arise in the context of the abstraction of atype of cell availablein thelibrary or in the con-
50 crete selection and placement of acell in the final design. If the context is not clear, the terms cell type and
cell instance (or just instance) shall be used. See also: cell type, instance.

3.12 cell type: Name used to identify a particular cell inthe library.
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1 3.13 cluster: A grouping of cell instances and/or clusters which are constrained to each other due to physical
location or some other shared characteristic(s). It is not valid to have a cell instance explicitly made a mem-
ber of more than one cluster. Syn: partition, region.

5 3.14 column: In a PDEF datapath cluster, a cluster of cell, spare _cell, and/or cluster instances placed or
constrained to be placed in the vertical (Y-axis) direction. See also: row, datapath.

3.15 constraint: A timing property of adesign which is supplied as a goal or objective to an EDA tool, such
aslogic synthesis, floorplanning, or layout.The tool shall not start out with afixed design implementation; it
10 shall build or modify the design to meet the constraint. See also: timing check.

3.16 datapath: A type of PDEF cluster which contains rows and/or columns of clust
spare_cell instances. A PDEF datapath typically corresponds to structured logic. Scé

15 3.17 delay: Thetimetaken for adigital signal to propagate between two points;

3.18 delay arc: See: timing arc.

20 timing data. DCL contains high-level constructs which can ref
timing check limit values.
3.20 delay calculation language compilet:

25 that reduces DCL from ASCII text to compute
module.

30 specific timing data under conteol offan

compiler and Ii@o ol

3.22 delay and po

35

40
3.25 early mode: The very first edge that propagates through a given cone of logic.

45 3.26 fanout: The pin count of a net (the number of pins connected to the net), minus one. This definition
includes all input, output, and bidirectional pins on the net with the sole exception of one pin (assumed to be
related to the particular timing arc currently of interest). Although less fundamental than pin count, fanout is
frequently used in the definition of wireload models.

50 3.27 forward annotation: The annotation of information from further upstream (earlier in the design flow)

in the design process. See also: forward annotation file.

3.28 forward annotation file: A file containing information to be read by atool for the purpose of forward
annotation, for example an SDF file containing PATHCONSTRAINTS. See also: forward annotation.
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1 3.29 function, PI function: One of the C functions that comprise the DPCS procedural interface.
3.30 gap: In PDEF, spacing between rows and/or columns in a datapath.
5 3.31 gate: In PDEF, the physical abstraction of an library primitive.

3.32 hard macro: A cluster whose cell placements relative to each other are fixed. Often the interconnect
routing between the cells is aso fixed and a parasitics file describing the interconnect is available for the
hard macro. The location of the hard macro in the floorplan may or may not be fixed.

10
3.33 hard region: A cluster which has defined physical boundariesin afloorplan. All cells.contained in the

cluster shall be placed within the boundaries of the cluster.

15 higher-level design units may be instantiated multiple times, a single such appes

20 timing check. If no setup timing check is provided for the sa

25
3.37 software implementation-defined be
data, that depends on the software impleme
of possible behaviorsis delipés

30 3.38 softwareimplems
3.39 input: A pj po
ture.

35 3.40 instance, cg S
unfolded, elaborated)\d ESCIP of an integrated circuit, also referred to elsewhere as an “occur-
rence.” Anji i f he unfolded design hierarchy. In PDEF, thisis aphysical cluster or alogi-
cal cell dster, hierarchical instance.

40 341 i etive term for structures (in an integrated circuit) which propagate a signal
between the ances with as little change as possible. These structures include metal and poly-
silicon segments\jas, fuses, anti-fuses, etc. But, interconnect shall not include such structuresiif they occur
as part of the fixed layout of acell.

45 3.42 late mode: The very last edge that propagates through a given cone of logic.

3.43 layer: In PDEF, a particular level of interconnect on which alogical or physical pinislocated.

3.44 library (integrated circuit): A collection of circuit functions, implemented in a particular integrated
50 circuit technology, which an integrated circuit designer or EDA synthesis application can select in order to

implement a design. See also: cell.

345 library (software): A collection of object code units that may be linked, either statically or at run-time,
with other libraries and/or object code to produce a software program.
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1 3.46 library control statements: These statements control the logical organization and loading of subrules
in atechnology library. See also: subrule, technology library.

3.47 load-dependent delay: That part of a delay through a cell instance attributed to the admittance (load)
5 presented to the arc sink pin and the internal impedance of the output.

3.48 mesh table: A multi-dimension table which defines every type of delay model in terms of discrete

points. Each point represents a delay value in terms of severa cell parameters or interconnect parameters.

The delay calculation module is expected to interpolate between these points based on a mathematical
10 expression defined by the technology file.

3.49 (to) model a cell: The creation of a specific elaboration of a model using nodel
15 include creating segments and nodes, determining the propagation properties, and setting the'del
20 3.52 net, net instance: An abstraction expressing theidea of ar

inadesign. In ahierarchical representation of the design, ne
of lower hierarchical levels (including cell instances), pe

25

times are referred to opposite transitions of the peferencesi
the period between these transitions, i.e, the ti Whic theteference signal stays in a specified state.
This timing check is frequently applied to Qry anhdfat anks to establish the stability of the address or

30 select inputs before, dur

3.54 node: A ¢ al point (¥ which logpc signals pass) which has been identified as an aid to
modeling the ti i Y0t correspond to any physical structure. In PDEF, thisisa
physical pin which ddes S(TES ical structure.

35
3.55 nugget: A d ~ nthe Pl for rapid switching between technologies.

3.56 output A pin to place logic signals onto a connected net or interconnect structure.

3.58 parasitics: Electpical properties of a design (resistance, capacitance, and impedance) that arise due to
the nature of the matérials used to implement the design.

45 3.59 period timing check: A timing check which specifies the allowabl e time between successive periods of
asignal.

3.60 periphery: The outer part of an integrated circuit where instances of cell types designed specifically to
interface the internal circuitry to the “outside world” are placed. This part includes “pad” cells (which are

50 input and output buffers) and power and ground pads; it may also include test circuitry, such as boundary
scan cells.

3.61 n-model: A simplification of ageneral RLC network that represents the driving point admittance for an
interconnect.
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1 3.62 pin: A terminal point where an interconnect structure makes electrical contact with the fixed structures
of acell instance or the conceptual point where a net connects to alower level in the design hierarchy.

3.63 pin count: The number of cell instance pins that an interconnect structure visits, including al input,
5 output, and bidirectional pins. Pin count isthe number of “places’ the interconnect goes to on the chip.

3.64 pnet: A physical net which has no correspondence to the logical function of the design, such as aroute
segment which is reserved for future routes across a hard macro, or a power net not described in the design

netlist.
10
3.65 pole: The complex frequency where a Laplace Transform is infinite. Combined withresidues, thisisa
15
20
25
3.70 pulse width timing ¢
30 specified state once it hpstra
3.71RC, RC i
of time) or ati
35
40
Two limit valueS-are necessary to define the stable interval. The recovery time is the time before the refer-
ence signal transition when the stable interval begins. The removal timeis the time after the reference signal
transition when the stable interval ends.
45
If the asynchronous control signal goes inactive during the stable interval, it is unknown whether the flip-
flop or latch takes on the state of the datainput, remains set, or is reset.
3.74 recovery time: See: recovery/removal timing check.
50

3.75 recovery timing check: A timing check that establishes only the beginning of the stable interval for a
recovery/removal timing check. If no removal timing check is provided for the same arc, transitions, and
state, the stable interval is assumed to end at the reference signal transition and a negative value for the
recovery timeis not meaningful. See also: recovery/removal timing check.
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1 3.76 region: A region pertains to a particular physical section or block of afloorplan. See: cluster.
3.77 removal time: See: recovery/removal timing check.

5 3.78 removal timing check: A timing check that establishes only the end of the stable interval for a recov-
ery/removal timing check. If no recovery timing check is provided for the same arc, transitions, and state, the
stableinterval is assumed to begin at the reference signal transition and a negative value for the removal time
is not meaningful. See also: recovery/removal timing check.

10 3.79residue: Thevalueof lim (s—sy) x F(s) , where F(s) hasthe complex pole s,. See also: pole.
S5

3.80return code: A value returned by a function indicating whether the function completed
the function did not compl ete successfully, it may return a nonzero return code; the exast val

sticeessfully. If
e may indicate

15
20
25
30
35
efine the stable interval. The setup time is the time before the reference
Mterval begins and shall be negative if the stable interval begins after the
otd time is the time after the reference signal transition when the stable
ggative if the stable interval ends before the reference signal transition.
40
If the data Signal changes during the stable interval, the reliability of the resulting state of the flip-flop or
3.87 setup time: See: setup/hold timing check, nochange timing check.
45
3.88 setup timing check: A timing check that establishes only the beginning of the stable interval for a
setup/hold timing check. If no hold timing check is provided for the same arc, transitions, and state, the sta-
bleinterval is assumed to end at the reference signal transition and a negative value for the setup time is not
meaningful. See also: setup/hold timing check.
50

3.89 shared port: An output or bidirectional port where some other output port of the cell derives its logic
function. The output load at a shared port affects not only the delay to that port itself, but aso the delay to
any ports sharing it.
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1 3.90 sink, sink pin: The sink pin is the end of a delay arc, i.e. the destination of the logic signal. For arcs
across cell instances, the sink is the driver pin. For arcs across interconnect, the sink is the receiver pin.

391 sizemetric: A value used to estimate properties of interconnect wholly contained in aregion. The met-
5 ric may be freely chosen (for example, square microns or gate sites), but it needs to be consistent between
the cells and the wireload models. See also: wireload model.

3.92 skew timing check: A timing check that specifies the maximum time between two signal transitions.

This timing check is frequently applied to dual-clock flip-flops to specify the maximum separation of the
10 active edges of the two phases of the clock.

15 3.94 slew A measure of the shape of the Waveform constltutmg a Ioglc state ansi

20 input of the arc taking longer to make a transition than is considered 1tleal
3.96 dew rate: A measure of how quickly a signal takest ’ ition, i.e.,”a voltage-per-unit time.
Slew rateisinversely related to slew time andNs someti® i pre slew time isintended.

25 3.97 slew time: A measure of how long a sig 3 2 ansitiagn, i.e., the rise time or fall time.
Slew time is inversely related to slew rate a She e value is abstracted from the continuous

30 sIraJnts on how closely the c&

3.99 source, sob
across cell instances,

35
hich 1§ presently not part of the logical function of a design, and there-
slogical netlist. A spare cell istypically reserved for future logic modifi-
hanges in the interconnect layers of the chip.
40 e: A particular C structure, definedinst d_st r u. h, which containsfields used to

3.102 technology data: Data used to calculate the timing properties of a cell instance based on its context in

45 the design. Thisterm includes information that is not cell type-specific and data specific for each cell typein
the library. The kind of data used varies with the timing cal culation methodology. General data and cell data
may be contained in the same file or in separate files. Cell data also may be merged with the timing models
of each cell, for example when atool performsits own timing calculation.

50 3.103 technology library: A technology library is a program written in DCL consisting of one or more sub-
rules, each of which may contain references to other subrules (yet to be loaded). There is no hierarchical
limit to the nesting of subrules within the scope of atechnology library. Subrules can also be segmented into
technology families, which alters the way they are made available to the application.
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1 3.104 time-of-flight: The time delay between a signal leaving adriving pin or primary input port and reach-
ing areceiving pin or primary output or., Time-of-flight is generally dominated by the time taken to charge
the distributed capacitance of the interconnect and the capacitance of the driven pins through the distributed
impedance of the interconnect. The internal impedance of the driving port affects the load-dependent delay

5 but not (directly) the time-of-flight.

3.105 timing annotation (file): The annotation of adesign in one tool with timing data computed by another
tool. If timing calculation is performed as an off-line process (separately from the application using the tim-
ing data), the process of reading the timing data into the tool is known as timing annotation. A timing anno-
10 tation file stores the data written by the timing calculator and is later read by an application. Syn: back
annotation.

3.106 timing arc: A pair of ports, pins, or nodes possess some timing relationship4uch as he p agatlon

15
20
25 3.109 transition: The change of alogic signa
shall cause ..."”) or the pair of logic states bet
low-to-high transition ...”).
3.110 unloaded delay: The
30 (unconnected) and the s
3.111 undefin avior:
neous program y
35 —
40 NOTE
implementation. Th&implementation is not required to document which behavior occurs. Usually the range
of possible behaviorsis delineated by the standard.
45

3.113via: In PDEF, aphysical connection between two different levels of interconnect, or between alevel of
interconnect and a physical or logical pin.

3.114 wireload model: A statistical model for the estimation of interconnect properties as a function of the

50 geometric measures available before the completion of layout and routing. Typical model propertiesinclude:
fanout, capacitance, length, and resistance. See also: size metric.
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1 4. Acronyms and abbreviations
This section lists the acronyms and abbreviations used in this standard.

5 API Application Programming Interface (see also PI)

ASIC Application Specific Integrated Circuit

AWE Asymptotic Waveform Evaluation

CAE Computer-Aided Engineering (the term EDA is preferred)
10 CFI CAD Framework Initiative

DCL Delay Calculation Language

DPCM  Delay and Power Calculation Module

DPCS Delay and Power Calculation System

D-SPF  Detailed Standard Parasitic Format

EDA Electronic Design Automation

EDIF Electronic Design Interchange Format

HDL Hardware Description Language

oID Object Identifier

20 ovi Open Verilog International
PDEF Physical Design Exchange Format
Pl Procedural Interface
PVT Process/\oltage/ Temperaturé

25 RC Resistance times Capacitance

30

15

35

50
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1 5. Delay and power calculation system architecture

5.1 Overview

5
The goals of the Delay and Power Calculation System (DPCS) architecture are to make it possible in a
multi-vendor, multi-tool environment, for integrated circuit designers to calculate timing and power consis-
tently, for integrated circuit vendors to express timing and power information once for a given technology,
while enabling sufficient EDA application accuracy.

10
To meet these goals, the DPCS shall have total control of delay and power calculation, support arbitrary

15

2

0 HDL

Description

s | ( soF
< PDEF, SPEF)<—'

><—>

30
SN
> :
35 - '\ ) , _ DCL Compiler
Subrule An_X / -
s Y |
‘ NN |
o |\ vl
Subrule /
/ L
, / | Delay Calculation Languag
4 ," SubruleC | (DCL)

|

Delay and Power Calculation Module (DPCM)

50

Figure 5-1 High-level DPCS architecture

The Delay and Power Calculation Module (DPCM) contains code (compiled from DCL source) which

enables an application to compute power, timing delays and timing constraints efficiently.
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1 — The procedura interface (Pl) is used by both an application and the DPCM to control delay and
power calculations.

— SDF contains constructs for describing computed timing data (for back-annotation) and specifying
timing constraints (for forward-annotation). In integrated circuit design, it is common for a delay

5 calculator application to calculate delays from post-layout data and write out the resultsin SDF.

— PDEF contains constructs to describe physical design information. It can be used as a back-annota-
tion medium for passing physical design information from back-end applications (floorplanning and
layout) to those on the front-end; it can also be used to communicate physical constraints from front-
end applications (synthesis, timing analysis, and partitioning) to those on the back-end.

10 —  SPEF contains constructs to convey information between parasitic extractors and applications that
utilize the extracted circuit information.

Figure 5-1 also illustrates severa key points:

15 a) Applications shall be written (or modified) to use the DPCS-defined PINfor & and powepcal-

b) Theapplication isfully responsible for mapping between design instances ,w\ de

Models
¢) Theapplication isfully responsible for the state of the design. ! S i

ng about

20 all design-specific information, including electrical [ i i ts and other data
(often contained in SDF, PDEF, or SPEF files).
d) TheDPCM iscomposed of one or more subrules—Suk aref iNed C code constructed from an
ASCII description following the rute e elay Langeiage (DCL). The DPCM is
dynamically linked with the applicCati
25 €) A subrule may implement one or more ti ! v
f)  One or more timing models may be/ 8 ed through the release (and use) of multiple
subrules.

30 5.2 Procedural interface
A crucia part of the DR ' al interface (Pl) between an application and the DPCM.
This Pl enabl u@w v ‘ b ultiple applications. Details of the Pl are described in
Clause 8.
35 . : - -
To enable an t of implementation-specific characteristics of a DPCM, code
which impl WSt or ageManager, dcnSet Messagel nt er cept, and/or
dcnBi nd gy linked with the application. Figure 5-2 illustrates the required linkage
struct g functions shall reside in a shared object-code library named | i bdcm r,
40 dyna athe application at run-time. There may be implementation-dependent procedure calls
between nantkthe DPCM, but this architecture isolates the application from such details.
NOTE — When theE application is statically linked, the link editor shall be told which external symbols need be
resolved with dynamically-loaded code and how to locate that code. The specification of how to locate the code shall
alow the application to choose from among multiple implementations of | i bdcmi r.
45
5.2.1 Global policies and conventions
The DPCM assumes a single locus of control and data understanding exists for callbacks. For example, if an
application passes a pointer to apor t structure as one argument in acall to the DPCM, the DPCM assumes
50 it can pass that same pointer as an argument to a callback function.

In general, the DPCM shall not cache any design-specific data val ues between calls, since the DPCM cannot
know when any such data might become invalid. The DPCM can cache within asingle application call.
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1
5 -—p
-
10
-—p
Delay and Power EDA Applica
Calculation Module
15
20 " \/
~ /
LT
25 “
| mplementation- i
degendent PI libdem gndard Procedural Interface

30

5.2.2 Flow of contro

During executiol

ject to the following
35
40

The DPCM has beerv’'designed to allow easy integration of dynamically linked executable modules for the
purpose of delay and power calculation. The library developer decides how the components of the technol-

45 ogy library should be implemented, then organizes the statements into logical groups called technology fam-
ilies and physical units called subrules. The run-time system assembles these units into a unified DPCM.
The application then views the DPCM as a single sub-program from which it can request services.

5.3.1 Technology library

50
A technology library is a program written in DCL consisting of one or more subrules, each of which may

contain references to other subrules (yet to be loaded). There is no hierarchical limit to the nesting of sub-
rules within atechnology library. Subrules may be segmented into technology families, which alters the way
they are made available to the application (see 6.14).
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1 5.3.2 Subrule

A subrule contains a combination of definitions and prototypes used to implement a portion of a technology
definition. A subrule is a separate compilation unit and consists of one or more of the following independent
5 components:

—  C preprocessor directives
— Embedded C code
— DCL directives
10 — DCL atomic, model procedure, table manipulation, and library control statements

5.4 Inter-operability

15 Consideration has been given to the possibility of having multiple implementeti
for this standard (compiler, run-time linker, and run-time library) and the desi
level of inter-operability among such implementations.

20 oo . . .
a) limiting all subrulesin aparticular technology family’to a
b) appending an implementation-specific suffix to the
withdcm and
c) requiring the application to
5 1) track which technology familiesuse whit!

2) usethe appropriately-named Pl call
3) maintain separate implementation-

2O

50
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6. Delay Calculation Language (DCL)

This section describes the delay modeling and calculation used in this standard. The formal syntax is
described using the following Backus-Naur Form (BNF). For this clause only following conventions are
used:

a) Lowercase words, some containing embedded underscores, are used to denote syntactic categories
(terminals and non-terminals), e.g.,

literal_character_sequence

b) Boldface words are used to denote reserved keywords, operators, and punctuation marks as a

c)

d) A vertical bar separates alternative items (use one only)

€) Square brackets enclose optional j
itself. For example:

pression { , expression }
X pression | comma._expression _list , expression

ithin a group (use one only) unlessit appearsin boldface, in which case

h)  Angle brackets enclose items when no spacing is allowed between the items, such as within an
identifier. In the following example:

identifier ::= <identifier_first_char>{ <identifier_char>}
the actual character(s) of the identifier cannot have any spacing.
i) A hyphen (-) isused to denote arange. For example:
identifier_first_letter :=a-z| A-Z

indicates the first letter of the identifier can be alowercase letter (from ato z) or an uppercase |etter
(from A to 2).
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1 j)  If thename of any category starts with an italicized part, it is equivalent to the category name with-
out the italicized part. The italicized part is intended to convey some semantic information. For
example, msb_constant_expression and Isb_constant_expression are equivalent to
constant_expression.

5
The main text uses italicized font when a term is being defined, and nronospace font for examples, file
names, and while referring to constants such as 0, 1, or x values.
10 6.1 Character set
The DCL character set shall be the same as that defined in Section 5.2.1 (“Character sef) of 1SO/IEC
9899:1990, Programming Languages — C, excluding tri-graph sequences and mukttibyte charecters. The
a phabetic escape sequences such as’'\n', representing newline, shall be the same a8those Qefiged i i
15 5.2.2(" Character display semantics’) of 1SO/IEC 9899:1990, Programming L arRguages—
6.2 Lexical elements
This section describes the lexical elements used to define the D
20
6.2.1 Whitespace
Whitespace is a contiguous sequence of opé
carriage return, vertical_tab, and form fe
25
6.2.2 Comments
A comment shall be either
30 — a character ! ends with the first occurrence of the character
sequence */ . N0 -\ \ akacter sequence / * shall not be recognized as starting a
35
40
| identifier
45 | double_quoted character_sequence
| constant
| string_literal
| operator
| punctuator
50 | header_name

Syntax 6-1—Syntax for DCL token
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Tokens other than string_literal and double quoted character_sequence shall not contain embedded
whitespace.

6.2.3.1 Keyword

DCL reserves many tokens as keywords (see Table 6-1). These keywords shall be used only in the context as
defined by DCL. No keyword shall be used as an identifier (see 6.2.3.2).

All keywords shall be case sensitive. Each keyword has two valid syntactic forms: one using only upper-case
letters, and one using only lower-case letters. Table 6-1— shows only the upper-case syntactic form.

6.2.3.2 ldentifier

An identifier isthe name which represents a value, except within the PATH, F
NODE and OUTPUT clauses, where it istreated as aliteral string. Anidentifier isa e or pnore
characters starting with an alphabetic character, followed by zero or mor i underscare ()

characters.
N
ot

The syntax for identifiersin DCL is given in Syntax 6-2.

it some identifiers are universally unique, so as to not collide when disparate
gs are combined. Examples of such identifiers are METHOD names (see 6.12.7) and

The syntax for double quoted charactersin DCL is given in Syntax 6-3.

double_quoted_character_sequence::=" literal_character_sequence "
literal_character_sequence ::= <literal_character>{<literal_character>}

literal_character ::= any character in the ASCII character set except
double_guote, newline, or carriage return

Syntax 6-3—Syntax for DCL double quoted character
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Table 6-1—Keywords

61523-1 © IEC:2001(E)

ADD_ROW
ANYTN
ANYOUT
ASSIGN
BIAS
BLOCK
BOTH

BUS

BY

CALC
CALC_MODE
CALC_MODE_SCALAR
CALL

CELL
CELL_DATA
CELL_QUAL
CGHT
CGPW

CGST
CHECK
CHECKS
CKTTYPE
CLKFLG
COMPARE

COMPILATION_TIME_STAMP

CONSISTENT
CONTROL_PARM
CPW

CSsT

CYCLEADJ

DATA

DEFAULT
DEFINES <::>
DELAY

DELETE_ROW
DHT

DO

DOUBLE
DPW

DST
DYNAMIC
EARLY
EARLY_MODE
EARLY_MODE_SCAL
EARLY_SLEW
EDGES

END

EXPORT
EXPOSE
EXTERNAL
FALL

FILE
FILE_PATH
FILTER

FLOAT

FORWARD

FROM
FROM_POINT
HOLD

IMPORT

IMPURE
INCONSISTENT
INPUT
INPUT_PIN_COUNT
INTEGER
INTERNAL

KEY

LATE
LATE_MODE
LATE_MODE_SCALA
LATE_SLEW
LOAD_TABLE

OPTIONAL
RWISE

UTPUT

UTPUT_PIN_COUNT
OVERRIDE
PASSED
PATH
PATH_DATA
PATH_SEPARATOR
PHASE
PIN
PINLIST
PROPAGATE
PROPERTIES
PROTOTYPE_RECORD
PURE
QUALIFIERS
RECOVERY

REFERENCE
REFERENCE_EDGE
REFERENCE_EDGE_SCALAR
REFERENCE_MODE
REFERENCE_MODE_SCALAR
REFERENCE_POINT
REFERENCE_SLEW
REMOVAL

REPLACE

REPEAT

NAL_SLEW
SIKK_EDGE
SINK_EDGE_SCALAR
SINK_MODE
SINK_MODE_SCALAR
SKEW

SLEW

SOURCE_EDGE
SOURCE_EDGE_SCALAR
SOURCE_MODE
SOURCE_MODE_SCALAR
STATEMENTS
STORE

STRING

SUBMODEL
SUBRULE

SUBRULES
SUPPRESS

TABLE

TABLEDEF
TABLE_PATH
TECH_FAMILY

TERM

TEST

TEST_TYPE

TO

TO_POINT
UNLOAD_TABLE
UNTIL

VAR

VOID

WHEN

Z_TO_ONE
Z_TO_ZERO
ZERO_TO Z
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6.2.3.4 Predefined references to Standard Structure fields

DCL defines a set of identifiers to reference fields in the Sandard Structure (see 8.13). These identifiers
shall bevisiblein al scopes. Table 6-2 lists the predefined identifiers.

Table 6-2—DCL predefined references to Standard Structure fields

N

Passed in calculation.

. e Set by DPCM or —
Predefined | dentifier Data Type D {in by application Description
BLOCK PIN Passed in during model search, | The inStanceblock identifi-
Passed in calculation. catjor\in the deshgn.
N
CALC_MODE STRING Passed in calculation. i e of ¢alcu-
ithth
urr ent
WORgtC ,- ina’l.
N
CALC_MODE_SCALAR INTEGER | Passed in calculation: \ }s{ai}etype of calcu-
lation ciated with the
currgnt propagate segment
| ation: bestCase,
worstCase, or nominal.
CELL STRING /| Thecell of thecircuit under
calculation. Theuniquecell
identification is the concat-
enation of CELL,
CELL_QUAL and
MODEL_DOVAI N (sepa-
<\ f\ rated by a period).
CELL_DATA " Vi during model search, Initial pointer to the cach-
in calculation. ing system for cell based
/\ store clauses.
CELL_QUAL \/ Passed in during model search, | Thecell of thecircuit under

calculation. Theuniquecell
identification is the concat-
enation of CELL,
CELL_QUAL and

MODEL _DOVAI N
(separated by a period).

STRING

Set by DPCM.

Reserved for library devel-
oper's use.

CLKFLG N/

STRING

Set during model search,
Passed in calculation.

Holds the clock flag to be
assigned to this calculation.

CYCLEADJ

INTEGER

Set during model search.

Reserved for library devel-
oper’s use.

EARLY_SLEW

Full document details: IEC 61523-12001

FLOAT

Passed in calculation.

Holds the slew associated
with the propagate seg-
ment for the delay or dew
to be calculated. This slew
represents the SLEWof the
earliest signal to arrive at
the segment for which the
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calculated.
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Table 6-2—DCL predefined references to Standard Structure fields (continued)

. o Set by DPCM or .
Predefined | dentifier Data Type D {in by application Description
FROM_POINT PIN Set during model search, Holds the from point of the
Passed in calculation. propagate segment for the

delay or slew to be calcu-
lated.

INPUT_PIN_COUNT INTEGER | Passed in during model search. | Holds the number of input
pinsonthecircuit currently
being phod or under
ca ion.

LATE_SLEW FLOAT Passed in calculation.

MODEL_DOMAIN STRING The cell of the circuit under

N

e

calculation. Theuniquecell
identification is the concat-
enation of CELL,
CELL_QUAL and
MODEL_ DOVAI N (sepa-
rated by a period).

MODEL_NAME

\Set\tﬁlring mpdel search.

Holds the name of the mod-
elproc that is currently in
control.

N
DAL

7

\%ad in during model search.

Holds the number of nodes
connected to the circuit
currently being modeled or
under calculation.

OUTPUT_PINSCOUN INTEGER | Passed in during model search. | Holdsthe number of output
pins connected to the cir-
cuit currently under calcu-
lation or model build.

\ \> STRING Set during model search, Holds the path or test state-
Passed in calculation. ment name.
PATH DATA VOID Set during model search, Holds the pointer to the
Passed in calculation. path and pin base cache
PHASE STRING Set by DPCM. Gives accessto phase. This

Full document details: IEC 61523-12001

is acombination of the
SOURCE_EDGE and

SI NK_EDGE. When the
SOURCE_EDGE and the
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Table 6-2—DCL predefined references to Standard Structure fields (continued)

. o Set by DPCM or .
Predefined | dentifier Data Type D {in by application Description
REFERENCE_EDGE STRING Set during model search, Indicates whether the cal-
Passed in calculation. culationisfor therising,
falling, or both edges.
REFERENCE_EDGE_SCALAR INTEGER | Set during model search, Indicates whether the cal-
Passed in calculation. culationisfor therising,
falling, or both edges.
REFERENCE_MODE STRING Set during model search,
Passed in calculation.
REFERENCE_MODE_SCALAR | INTEGER | Set during model search,
Passed in calculation. <\
REFERENCE_POINT PIN Set during model ch\
Passed in cal cutati

ated’and is generally used
inTEST and TABLEDEF
statements.

REFERENCE_SLEW

9,

FLOA

R,

AN
in CU|M
N

>

Holds the slew associated
with the test segment for
which the check is being
analyzed. This slew repre-
sents the SLEWof the refer-
enceor “clock.” This
alowsthe
REFERENCE_SLEWto
ater the calculations per-
formed by the CHECK
statement. The CHECK
statement can adjust the

Bl AS by an amount which
isafunction of the refer-
ence'sdew.

&

STRING Set during model search, Indicates whether the cal-
Passed in calculation. culation represents theris-
ing edge, falling edge, or
both.
SIGNAL_E _SCALAR INTEGER | Set during model search, Indicates whether the cal-
Passed in calculation. culation represents the ris-
ing edge, falling edge, or
both.
SIGNAL_MODE STRING Set during model search, Indicates whether the cal-
Passed in calculation. culation represents early
mode, |ate mode, or both.
SIGNAL_MODE_SCALAR INTEGER | Set during model search, Indicates whether the cal-

Full document details: IEC 61523-12001
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Table 6-2—DCL predefined references to Standard Structure fields (continued)

. o Set by DPCM or .
Predefined I dentifier Data Type passed in by application Description
SIGNAL_POINT PIN Set during model search, Holds the to point of the
Passed in calculation. propagate segment for the
delay or slew to be calcu-
lated and is generally used
in TEST and TABLEDEF
statements. Thisis used
during Nmputati ons.
SIGNAL_SLEW FLOAT Passed in calculation.
stategnent can be afunction
e signal’'s slew.
SINK_EDGE * Indicates whether the cal-

culation represents the ris-
ing edge, falling edge, or
both.

SINK_EDGE_SCALAR

INTEGER

7\ Q A
N
in odelsea@
in'calculatjon.
el ch

Indicates whether the cal-
culation represents theris-
ing edge, falling edge, or
both.

SINK MODE I\Q
BN

=<
N

WQ model search,
in calculation.

Indicates whether the cal-
culation represents early
mode, late mode, or both.

SINK_MODE_SCA{ AR

Set during model search,
Passed in calculation.

Indicates whether the cal-
culation represents early
mode, late mode, or both.

SOURCE(ED <\
SN

STRING Set during model search, Indicates whether the cal-
Passed in calculation. culationisfor therising
edge, falling edge, or both.
SOURCE\! INTEGER | Set during model search, Indicates whether the cal-
Passed in calculation. culation isfor therising
edge, falling edge, or both.
SOURCE_MODE STRING Set during model search, Indicates whether the cal-

Full document details: IEC 61523-12001

Passed in calculation.

culationisfor early mode,
late mode, or both.

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/iec-61523-1-2001
http://avadocuments2026.com/doc/iec-61523-1-2001

10

15

20

25

30

35

50

61523-1 © IEC:2001(E)

— 37 -

Table 6-2—DCL predefined references to Standard Structure fields (continued)

. . Set by DPCM or .
Predefined | dentifier Data Type D {in by application Description
SOURCE_MODE_SCALAR INTEGER | Set during model search, Indicates whether the cal-
Passed in calculation. culationisfor early mode,
|ate mode, or both.
TO_POINT PIN Set during model search, Holds the to point of the
Passed in calculation. propagate segment for

which the delay or dew is

to be célcul . Itisused
durjrg delay anchdew com-
P ati s.(\

6.2.3.5 Compiler generated predefined identifiers

Predefined Identifier

/\F\g

( C/be?wgtion

COMPILATION_TIME_STAMP

Theti m@@e sﬁmpwﬁen this rule was compiled.

CONTROL_PARM

RULE_PATH ’\\\(

STRING Gi ess tg the CONTROL_PARMval ue specified
(\\Q the'SU E statement which loaded this rule.
\e%v essto the RULE_PATH value specified in
the SUBRUL E statement which loaded thisrule.

e B

Gives access to the TABLE_PATH value specified in
the SUBRUL E statement which loaded this rule.

constant ::= floating_constant | integer_constant

Syntax 6-4—Syntax for DCL constant

The floating_constant and integer_constant tokens have the same definition as defined in the 1SO C stan-

dard.

6.2.3.6.1 Pre-defined constant NIL

NI L isapre-defined constant of ISO Ctypevoi d * withavalueof (voi d *) 0 which shall indicate the
PI NLI ST, PI N, STRI NG, ARRAY, or VOID has no value defined.

Full document details: IEC 61523-12001
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1 6.2.3.6.2 Edge type enumerations

The values for the SI NK_EDGE and SOURCE_EDGE predefined identifiers are enumerations of the edge
values as shown in Table 6-4. Use of these reserved words results in the corresponding string values in the
5 generated code.

The remaining edge types defined in a DCM _EdgeTypes structure: SAME, BOTH, ALL, COVPLI MENT,
and TERM NATEBOTH shal be considered illega enumeration values for

S|

NK_EDGE and

SOURCE_EDGE.
10
Table 6-4—Edge types and conversions
5 Keyword Definition String Malie &Nl&
FALL The FALL edge meansasigna transitionsfroma | 'E 1
high level to alow level. The levelsin DCL are
arbitrary as there are no specified reference levels
since they are implied in the calculation. <
20 ONE_TO_Z ONE_TO_Z meansthe signd istransitionizg from™_'T& N
ahigh level to a high impedance state. N
RISE The Rl SE edge means asignal trarfsi a /NR 0
low level to ahigh levé\Thel {n DCL ar
arbitrary as there arexao specified referepce levels
25 since they are implied ir the Calc! :
TERM TERMmeans the edge’terminates es N T 5
propagate. (\
Z_TO_ONE z_gci E rréans X{E tr sit@gfrom Z1 8
ahighim ce state igh level.
30 L P -
ZERO_TO Z ZEROAT O, Z meanstke sighal iStransitioning '0z' 9
rom alow, level toa highimpegance state.
Z_TO_ZER}G\/ N\JO Z meags thesignal is transitioning 'Z0' 10
akighi e state to alow level.
* i D
NOTE — geTypes.
6.2.% e enumerations
40
SI NK_ - IMODE are converted to enumerations as shown in Table 6-5.
Table 6-5—Propagation mode conversions
45
Keyword Definition String Value enum Value
EARLY The very first edge that propagates through agiven | 'E' 0
cone of logic.
50 LATE The very last edge that propagatesthrough agiven | 'L 1
cone of logic.
Documents
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1 6.2.3.6.4 Calculation mode enumeration

CALC_MODE values are converted to enumerations as shown in Table 6-6.

5
Table 6-6—Calculation mode conversions
Definition String Value enum Value
10 Best case 'B' 0
Worst case ‘W' 1
Nominal case 'N'
15
6.2.3.6.5 Test type enumeration
TEST_TYPE values are converted enumerations as shown in Table 7.
20
Table 6-7—TEST_ TYPE co sio
Keyword &ef@%n % < alue
25 CGHT Clock Gating Maldest \L/
CGPW C|ock(Gann(g_@|sE»@m\w\> 6
CGST ck atlnb\Set test 8
APt Samsge
30 CP\N \( Clocdeth test 2
C é}%:k ar 'che_ﬂ/ 3
o < Dvaakadver’ 10
3} N s
}3@\ Dat}>a‘etup test 5
\QS\D \ Hold test 1
N NBC}}BQNG}/ No change test 14
40 WRY Recovery test 11
R%VI OVAL Removal test 12
SETUP Setup test 0
45 SKEW Skew test 13
6.2.3.7 String literal
50 A literal_character is any member of the character set except the single-quote ('), backslash (\), or

newline_character. Each of these restricted characters may be present in a single quoted string if it is pre-

ceded by abacksash.

The syntax for string literalsin DCL is given in Syntax 6-5.
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1
string_literal ::=" {< literal_character>}’
5 Syntax 6-5—Syntax for DCL string literal
string_literals follow the same semantics as 1SO C string literals (see the I1SO C standard, Section 6.1.4).
10 6.2.3.8 Operators
The syntax for DCL operatorsis given in Syntax 6-6.
15 operator ::=

$IMF =& & == 1=

|->]<-|<->]->X<- | <-X->| NEWN

N
20 NNK

Syntax 6-6—Syntax for DZL operato

6.2.3.9 Punctuator G

25 The syntax for punctuatorsis given in Syntax 6-7.

e M\K\}b\&{& 1<I>1% {1} %'

30
r DCL punctuator
cur in balanced pairs
35
double_quoted character_sequence. The use of these punctuators is
t syntax chartsin this clause
40
Header name preproeéssing tokens shall only appear with a#i ncl ude preprocessing directive. The header
name shall be defined the same asin section 6.1.7 ("Header Names") of the ISO C standard.
45 . . .
6.2.5 Preprocessing directives
DCL preprocessing directives are exactly the set defined in Section 6.8 of the ISO C standard and have the
same semantics.
50
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1 6.3 Name spaces of identifiers

If more than one declaration of a particular identifier isvisible at any point in the translation unit, the syntac-
tic context determines proper reference to different entities. Thus, there are separate name spaces for various
5 categories of identifiers, asfollows:

— identifiersdeclared in RESULT clauses,
— identifiers naming methods and technology families, and
— dl other identifiers.

10
6.4 Storage durations of objects
An object has a storage duration which determines its lifetime. There are two stafeg
15 automatic.
An object defined by an ASSI GN statement or whose identifier is declar
shall have static storage duration. For such an object, storage shall ke
20
25
30
35 sed) only within aregion of program text referred to as its scope.
40
— modeling procedure
— STATEMENTS
45 — RESULT
— PASSED
— discrete
When lexically identical identifiers exist in the same name space, identifiers in outer scopes shall be hidden
50 until the inner scope terminates. The DCL scope hierarchy is:

global

TECH_FAMILY

Documents
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1 subrule
statement-prototype
Statement
RESULT
5 PASSED
discrete
modeling procedure
STATEMENTS
statement
10
The scope of an identifier shall start wheretheidentifier isfirst declared and extend to th
which it was declared. An identifier shall be declared before it is referenced. Multipl
ments of the same name shall not occur within the same TECH_FAM LY.

of the scopein

15 6.6 Linkages of identifiers

process called linkage. There are three subrule scope options aff
FORWARD. Expose chaining also defines how EXPOSE idengifier

20 .
scope. (See 8.8.1.1 for more details.)

6.6.1 EXPORT
25

6.6.2 IMPORT

30 A statement identifier
and withinthesame T

6.6.3 FORWA

aH” be made visible within another subrule scope
option on a statement prototype.

35

chained together W& The application and DPCM are presented with a single EXPOSE entry point for
) EXPCSE statement in a chain is aways used as the reference to any EXPCSE state-

ment within a partictar subrule (even if there is an EXPOSE statement defined within the subrule containing

the reference).

6.7 DCL data types

DCL supports three categories of data types: native, derived, and array. The native data types are defined in
terms of the 1SO C datatypes. See 8.11.6 for details of the mapping between DCL and 1SO C data types.

50
6.7.1 Native data types

The syntax for native data typesin DCL is given in Syntax 6-8.
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native_type ::= mathematical _type | pointer_data type

Syntax 6-8—Syntax for DCL native data type

6.7.1.1 Mathematical calculation data types

The syntax for calculation data typesin DCL isgivenin Syntax 6-9.

AN
h ical :=NUMBER |DOUBLE FLO@N G\E‘&
mathematical_type | | 7\ | _(H_R

Syntax 6-9—Syntax for DCL calculation dat, %\\)

6.7.1.2 Pointer data types

The syntax for pointer datatypesin DCL is given in Syntax 6<10.

pointer_data type <§‘Q¥\@F|;<N [ P&NC&S‘;\V&OI D

pointer data type

6.7.2 Array types

The syntax for array typesi

sion _list ::= scalar { , scalar }

 dimension_list:=*{,*}

Syntax 6-11—Syntax for DCL array type

An array type describes a contiguously alocated nonempty set of objects with a particular member object
type, called the element type. Array types are modeled by their element type, their number of dimensions,
and the number of elementsin each dimension of the array.

An array dimension may have type fixed or variable. The number of elementsin afixed dimension shall be
specified when the array is declared and shall not vary during program execution. The number of elementsin
avariable dimension shall not be specified when the array is declared and may vary during program execu-
tion.
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1 The following are true for al array types:
— Arrays can have an arbitrary number of dimensions up to alimit of 255. For any particular array, all
of its dimensions shall have the same type — fixed or variable.
5 — Thelength of each dimension in a multi-dimensional array shall not depend on the index used for
any of the other dimensions of that array — “ragged” arrays shall not be supported.
— Array indices shall start with zero (0) in each dimension.
— Array types shall be passed and returned as pointers to a contiguous memory region. The array data
shall be organized as defined by the ISO C standard.
10
Array types shall be constant unless declared to be VAR. A VAR array may have its elements changed during
program execution. An array type that has the VAR declaration may be passed as an arg Qa statement
requiring a constant array. A constant array type shall not be passed as an argumenjA0°a statementyequiring
aVAR array type.
15
The VAR array modifier is defined in Table 6-8.
Table 6-8—VAR array modi
20
bol Defini
Smbo o) N\ N
VAR, var Indicates (to th piler) the arr \f@ Is n@iable any variable that
references the@rray. WithQut the ar arrgy moditier afrays are constant and
25 cannot be modifred in .
Example %
30 FORWARD CALC(man®
35
40
45
50
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derived_type ::= result_type | statement_type
result_type::=
assign_statement_name

| calc_statement_name

| expose_statement_name

| external _statement_name

| internal _statement_name

| tabledef _statement_name

statement_type ::= result_type () (\

Syntax 6-12—Syntax for DCL derived data type

6.7.3.1 Result types

6.12.1.2.2.
Example
cal c(resul t Type): passed(i nteger )

resul t (doubl e; f p=
cal c(exanpl e): passed(r sul%:
d e

cal c(exercise):

6.7.3.2 State

passed(i nt eger: x)
result(integer:resType(x)+ 3*x);

cal c(statenent Type2): passed(i nteger: z)
result (integer:resType(z)+6*z+ 1);

cal c(exanpl e): passed( st at enent Typel(): vy)
result(integer: y(5));

cal c(exercise): resul t (i nteger: exanpl e(statenent Typel) +

exanpl e( st at enent Type2));

6.8 Type conversions

Type conversions shall be performed based on
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— changing the type of an argument to the type of the expected parameter or
— changing the type of an expression term to the type of other termsin the same expression.

Only the conversions enumerated in the following subsections are valid in DCL.
6.8.1 Implicit conversions
The following implicit type conversions shall be performed:

— | NTEGERto DOUBLE or FLOAT

when adivision operator is present in the expression.

— FLOAT to DOUBLE

A FLOAT value shall be converted to DOUBLE when the expressic
— PINto STRI NG

A PI N value shall be converted to STRI NG when th

type STRI NG

— native_array_type, pointer_data

6.8.2 Explicit conversions

The following explicit type€onversipnsshall eed:

onverted to an equivalent DERI VED data type when the expected
cture (order, number, and native types) as the argument.

CALC(res passed(i nt eger: x)
esul t (double:fp = 2*x+3 & integer: x+1);
CALC(resType2): passed(i nteger: x)
resul t (doubl e: y=2**x & integer:z=x-1);
CALC(exanpl e): passed(resType: X)
result(double:x.fp * 4 - 2 * x);
CALC(exerci se):result(doubl e: exanpl e(resType(5)) +exanpl e(resType2(3)));

6.9 Operators

This section details the operators used in DCL.
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1 6.9.1 String prefix operator
This subsection details the use of string prefix operators.
5 6.9.1.1 Explicit string prefix operator

The explicit string prefix operator is a unary operator which modifies the semantics of logical comparisons
between string operands. This operator can be used with string operands within logical expressions.

10 The explicit string prefix operator isthe * (asterisk) character. This operator shall occur as a separate token
which precedes a string literal or an identifier having a string value.

6.9.1.2 Embedded string prefix operator

15

20 acter of the string literal, the first character of a name, or the first chara

25 The semantics of the explicit and embedded

efix operator. If both strings have the prefix

operator, then the compari$an sha hie shorter string.
30
If the explicit string prefix qpecatar is its operand contains a leading asterisk, this leading asterisk
shall not be congiisred an operator; betteated as the first character of the string.
35
ent operator (=) shall assign the expression value on the right to
is operator shall make the variable on the left (which shall be an array
right.
40
The new operator(NEW shall be used to create memory space for arrays. NEWis used when a new instance
of an array is needed. After the NEWoperator creates the space for an array, the values of the individual
members shall be undefined.
45
6.9.4 SCOPE operator
The scoping prefix PATH_DATA: : or CELL_DATA: : determines what action statement is associated with
amethod (see 6.12.7), and what the value of a store variable is, based on the value of the corresponding pre-
50 defined identifier PATH_DATA or CELL_DATA (see Syntax 6-16).
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1 6.9.5 Purity operator
A reference to an impure statement shall be treated as PURE if the reference is preceded by the purity opera-
tor (M) (see 6.12.2.1). The purity operator is defined in Table 6-9.
5
Table 6-9—Purity operator
Symbol Definition
10
n The unary purity operator declares the statement reference immedi
lowing it to be PURE, thereby overriding any default assumption
the optimization rules. References prefixed with the purity o
optimized as a PURE reference.
15
6.9.6 Timing propagation
Static timing includes the need to resolve timing when two or mo
20 each signal, atime period (window) can be defined based on
signal can arrive at the node. The resolution process at a nod
nal based on the windows of the input signals for that node.
DCL supports five ways (modes) to perform thi
25 in PROPAGATE, EDGE and TEST clauses.
Table 6-1 —Ti@e modes
<\\b§)/\ -
mbol Definition
30 Jymbol |
. I\ outptit)= earliest of all early(input)
Q | ate(output)early (output)
< e(oUput)= latest of all late(input)
output)= late(output)
35
> /ec/nrly(output): earliest of all early(input)
|ate(output)= latest of all late(input)
M early(output)= latest of all early(input)
late(output)= latest of all late(input)
40
<-X-> early(output)= earliest of all early(input)
late(output)= earliest of all late(input)
4 6.9.7 Timing checks
Static timing includes the need to compare the windows of different signals at different nodes. One signal is
always chosen as the reference. The comparison done is determined by a combination of test typeSee “ Test
50 type enumeration” on page 47., test mode operator See “Test mode operators’ on page 57., and EDGE

clause.

DCL supports three ways to perform this comparison, defined in “ Test mode operators’ on page 57.
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