SYNOPSYS

Hierarchical Design Representation
and Milkyway

Milkyway Developers Forum — October 17, 2003

Laurence Brevard
Staff Engineer
Milkyway R&D
Synopsys, Inc.

[ Your Interoperability Partner]_




ltems for Today’s Talk SYNOPSYS

= Hierarchical Design Concepts
= Hierarchical Features of the Milkyway database

= Topics
— The Cell / Instance Containment Hierarchy.
— Folding and Unfoelding
— Flattening
— The Instance Master Concept
— Wire / Wire Master
— Hierarchy Traversal

— Hierarchical Naming
 |Instance paths
» Non-scalar signal / net handling

— Physical Hierarchy Example
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What is Hierarchy? SYNOPSYS

= Containment definition and examples

= Hierarchical ltems that are not directly supported
iIn Milkyway: include:
— structured signals (buses and bundles)
* but tools have mechanisms for tracking this

— types /classes
» could be part of a particular design style
= Software analogies

— Subroutines
— macros
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Why is Hierarchy used? SYNOPSYS

= {o reuse designs or design fragments

= {0 manage complexity by factoring a design into
smaller parts

= {0 confuse young engineers! ©
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Milkyway Objects Overview

SYNOPSYS
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Milkyway Hierarchy Objects SYNOPSYS

Cell, Cell Instance, Cell Instance Master
Port, Port Instance, Port Instance Master
Pin, (Pin Inst), Pin Instance Master

Not part of the containment hierarchy but

definition and instance objects:
— Wire master, wire
— contact definition /code, contact (1.e. via)
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Next, Terminology Discussion for...  SY[N1OPSYS

Containment

Folded representation
Unfolding

Expansion

Flattening
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Milkyway Containment Hierarchy SYNOPSYS

= Milkyway provides a Containment Hierarchy

— Cells can contain (references to) other cells.
» A cell is a definition (ChdStd/IBMIDM “def box”)
» A cell instance Is a reference (ChdStd/IBMIDM “ref box”)
— This Is not a CLASS hierarchy such as done in an
object oriented language — e.g. C++

= Used for:
— Factoring a design into manageable pieces

— Reuse
The same cell can be...
 used in multiple places in a design
» used in more than one design
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Milkyway Containment Hierarchy SYNOPSYS

= Milkyway provides a Folded Hierarchy
Flattened by Tools

— Folding == two Instances can use the exact same cell
as a definition

— Unfolding == uniquification (== expansion®)

— Flattening == create one cell with all'leaf cells in it
l.e., thoese with no further cell instances

*The term expansion iIs sometimes used for unfolding
and semetime for flattening!
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Adder Example: Hierarchy in Verilog SY[10PSYS

FULL ADDER
nedule Hulll addCrnd, 1R2, cin, sum, cout)s;
ApUiE Ind, rn2, cim;
OUEPUL sum, Cout;
e Wi, w2r W
halffiadd szl i izlele b NRd Crnd)s —1n2@rnz);,
~sum@wa), -cout(wz2));
halfi add “grzl | 7izlelo A E WRd @A), - IR2(CIn));
-sumsum);, -cout(ws));
o ATW2), -AZ2(W8), -Z(coui));
STelifloclile

HALF ADDER
nedule half addrnd; 1n2,;sum, Ccouit);
RpUiE 1Ind, 1n2;
OUEPUE sum, cout;
zlple MO ATCIRL)S T SAZInR2)), - Z(couit)) 5
o) (L OCATCIRA)L SAZCIn2)5 - Z(Sum))s
enenedule
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Adder Hierarchy as Schemaitic... SYNOPSYS

= \We could diagram the previous Verilog example
as follows...

inl cout

half_add_1 . :Al
in2 sum : Sn d_O

L wl
inl cout N

xor O |
half add 2 _ e —>

in2 sum

half_add

full_add
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Adder Hierarchy as Layout... SYNOPSYS

Full Adder — Cell Definition Half Adder — Cell Definition

full_add CEL;1  [write ] Lib: llb_full add Sl (e e Loty | LI 0 Bl
7 (1.5, BAEDY g

v NOTE: Placing and routing this design
Cell Instances did not stress Astro very much! ©
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Adder Hierarchy as a Graph... SYNOPSYS

= The hierarchical object relationship may be
shown as a directed bi-partite graph:

OBJECTS OBJECT TYPE

full_add CELL: (DESIGN LIBRARY)

Contains

CELLINST

DefinedBy

half_add CELL: (DESIGN LIBRARY)

Contains

@ @ CELLINST

DefinedBy

an02d1 xr02d1 or02d1 CELL (in REF. LIBRARY)
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Adder Graph with instance masters... SY[1OPSYS

= (Cell Instance Masters "cache” referenced cell information
(so it Is really a tri-partite graph!)

full_add

CELLINST

CELLINSTMASTER

half_add

N Y !

an02d1 xr02d1 or02d1
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The Cell Instance Master Concept  SY[NOPSYS

= CellinstMaster
— acts as a kind of cache of defining cell information
— can avoid opening the defining cell
— called an instance header in some other systems

= One CellinstMaster per uniquely referenced cell

— Created when the first instance of a given cell is
created

— The set of all CellinstMasters in a given cell provides
a “bill of materials™ for that cell — showing what cell
definitions are needed by It.

— Each CellinstMaster points to all the cell'instances
that are using It — where-used infermation within this
cell only
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Cell/Port/Pin Instance Masters SYNOPSYS

= |nterface information for a given referenced cell
definition Is provided by the combination of...

— One CelllInstMaster,

o [VES
— PortinstMasters — one per port on the referenced cell

— PinlnstMasters — one per pin on the referenced cell
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Wire Masters and Wires SYNOPSYS

= Not part of the Cell / Cell Instance Hierarchy

= \\ire information Is factored into Wire Masters
— |ndex
— Layer
— Width
— Path Type (whether length includes half width or not)

HVS. I

= |ndividual Wires are either Horizontal or Vertical
— References a wire master index
— Has a start point and length
— References a Net
— Route type and region association for routing
— Can override layer in wire master
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SYNOPSYS

So...

What do I'mean by EOLDED?

Some kind of ORIGAMI 2272 ©
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SYNOPSYS

= FOLDED means that what is conceptually a
containment tree Is folded into a directed graph.

= See next slide...
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Folded vs. Unfolded Concept SYNOPSYS

Folded => a Directed Graph

full _add
half_add_1 half_add_2 o

half_add

xr02dl g nd02d1 fuy 0r02d0 xr02d1 M ndo2d1 M xro2d1 B ndo2d1 0r02d0
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Unfolding Uniquifies cell definitions  SYT1OPSYS

full_add full_add_un
half_add_1 X half add_2 o half_add_1 X half add_2 @

half add J half_ad d half_add—

xr02d1 nd02d1 or02do0 xr02d1 nd02d1 or02do0
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Unfolding versus Flattening SYNOPSYS

= |f there are only two levels...

unfolding Is flattening!

= Flattening means...

— going all the way to the “bottom” of the design,
to “ ”that contain no further instances, and

— pulling the leaf cells up into the top cell.

NOTE: “leaf cell” depends on what Is the “bottom” of the design
for your purposes
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Unfolded still has intermediate levels  SY[10PSYS

FOLDED... ...UNFOLDED

full_add full_add_un
D D
half_add half add 1 half _add 2

xr02d1 nd02d1 or02d0 xr02d1 nd02d1 xr02d1 nd02d1 or02d0
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Flattened Design has only “leaf” cells SY[1OPSYS

FOLDED... ...FLATTENED...

full_add full_add_flat
@

half_add

xr02d1 nd02d1 or02do0 xr02d1 nd02d1 xr02d1 nd02d1 or02do0

MDF Santa Clara — Oct 17 2003 LCB Hierarchy in M |kyway (25) [‘.‘ Your Intemperabiﬁty Partner}




Expanding One Level — Destructuring SY[10PSYS

= You can also expand a cell one level — to just
contain the cells directly below: it

— |n this case, the cell instances (and all other contents)
of the cell below are moeved up into the upper cell in
place of the single instance being expanded.

— This Is sometimes called “destructuring”.

— This will not flatten the design unless the cell
definitions of all instances being expanded have no
further instances.
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Expanding just one instance... SYNOPSYS

full_add full_add_exp
half add_1 X half add 2 o @) @ half_add_2 o

half_add half_add

xr02d1 nd02d1 or02do0 xr02d1 nd02d1 xr02d1 nd02d1 or02do0
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Synopsys has a Virtual Flat Concept  SY[10PSYS

= A design is kept hierarchical but treated as
expanded or flattened as needed.

= | wish | could say more.

= | really do...
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Electrical Connectivity and Hierarchy SY[10PSYS

Up to now we have just shown CONTAINMENT

Next, we will discuss...

CONNECTIVITY in a Milkyway design hierarchy.
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Electrical Connectivity Concepts SYNOPSYS

= Netlist Electrical Connectivity in Milkyway
pretends there are functions, wired together with
zero resistance and delay nodes (the Lumped

Parameter Abstraction)

— The Milkyway Net is an Equipotential Node in this
abstraction

= Electrical Connectivity goes from this abstract

concept through to physical implementation...
— Net €the most abstract

— Glink .— a global route (pin to pin straight lines)
— Path' « — a detailed route or a polyline with width
— Wires and Contacts (Vias) € the least abstract
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Beyond the basic net object... Sy"UPS\/S@

NOTE...

= While the Milkyway NET Is a zero delay node In
the abstraction...

= ... hets are ultimately implemented in layout
from which various tools can extract extensive

Information about parasitics and interconnect
delays.

But...
— We are not going to talk about that today.
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Ports, Port Instances, and Nets SYNOPSYS

= A Cell'has a Port for any Net inside it which may
be connected to from outside:

— Akin to “formal parameters” to a subroutine

= Thus Cell Instances have Port Instances:

— The “actual parameters” when calling the subroutine

= Nets connect Port Instances and Ports
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Electrical Connectivity — Port/Insts  SY[10PSYS'

= Using the previous adder example:

Corresponding Port Inst

half_add 1

sum

wl
) X ar
Inl cout i 0 |
Hhalf_add 2 ' _ —— e = >

e S half add

Corresponding Port Inst
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Ports in the Graph Notation SYNOPSYS

e R RN

@ =5

half_add_2

half_add_1
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Ports and Nets in the Graph Notation SY[10PSYS

Begins to get rather messy — even without inst. masters!

e R RN

.
g LEGEND

 cetl B ceinst )
oo &

half_add_1
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The full_add netlist as Graph... SYNOPSYS

one cell file @@ ®®@
o ®
@
o @Duoan - oz
@

half_add_1

one cell file @@ ®®

/ ;5 g : : LEGEND

oo Lldz El <&
@

one cell file one cell file cne call fi'e
[ naoza Roi XX 3 M o021 ReaXaX [ oronao [RARX - N @ ............ ;
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Electrical Connectivity — Net SYNOPSYS

= Three Nets — shown
In unfolded hierarchy

inl cout

half add 1 | ’ sum

in2 sum
' Al
S and O
—A2
full_add
)xor_O 'sum

half add_2

Your Interoperability Partner

half_add_2

in2 sum

wl
I ¥
il cout
____F
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Hierarchical Milkyway Nets SYNOPSYS

=  The Milkyway Net object Is only ever in a single Cell
— It cannot go between cells!

Therefore a net in a design is potentially © represented
by several Milkyway Net objects.

The first example design net in the previous slide was
shown In yellow. It uses two Milkyway net objects in an

unfolded Milkyway: pair of cells.

1. the Milkyway net (named ‘inl’) connected in Milkyway Cell
full_add’ to port ‘inl” and to portinst ‘ind1” on cellinst
‘half_add_1"

2. the Milkyway net (also hamed ‘inl’) connected in Milkyway Cell
‘half ‘add_1’ to port ‘in1’ and to portinst ‘A1’ on celllnst ‘and_0’
and portinst ‘Al’ in cellinst “xor_0’
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Functions to Traverse Hierarchy SYNOPSYS

Cell to Cell Instance
Cell Instance to Defining Cell

Port to Net
Net to Port Instance
Port Instance to Port on Defining Cell
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Hierarchy Traversal — Cell to Cell SYNOPSYS

ViewType

/

Cellinfo

Rectangle

)[ X|Ywire

WireMaster

CeIIInst Portlnst Pinlnst
aster Master Master
__4 dayn the hierarchy W
|

| CELL |«—>| PORT |*— — — —> Pin
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Cell to Cell Instance to Defining Cell  SY[10PSYS

= Cell to Cell Instances

— Scheme
(db-foreach cellld () "cellinst™ nextlnst
; operations on nextlnst)
— C-API

MWXDb_Get Objects ByType(cellld, celllnstTypeCode,
&numberOfinsts, &instldArrayPointer)

= Specific Cell Instance to Defining Cell

MWXDb_Get Celllnst _celllnstMasterlid(cellld,
celllnstlid,
&celllnstMasterlid);

MWXDb_Get CelllnstMaster celIName(cellld,
celllnstMasterlid,
&cel INameString);

MWXDb_ Open_Cell(cel INameString, accessMode,
&childCell1d);
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In What Library is a Given Cell? SYNOPSYS

The previous slide shows traversal from Cell Instance to
the defining Cell - WHERE IS THAT CELL?

The binding of Cell Instance to its defining Cell...
— IS really by name
— to the first matching Cell name in a series ofi libraries

MWXDb_Open_Cell opens the first mateching cell

If you need to know the actual library from which it Is
opened then two more functions are used:

From the Cell, the Library Id of the specific library from
which It IS opened is available
MWXDb_ Get_Libld ByCellld

MWXDbh Get_LibName Byld can then get the name of
that library
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Hierarchy Traversal — Portto Port  SYTOPSYS

ViewType H

Cellinfo

Rectangle

)[ X|Ywire

WireMaster

! Pininst

'.ooo.vo ......

— =~ Pininst
Master
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Cell to Port to Net to Portinst [Master] SY[10PSYS

= Cell to Port
MWXDb_Get Port ByName(cellld, &portNameStr

&portld) “
= Port to Net

MWXDb_Get Port netld(cellld, portlid,
“&netld

= Net to Portinst

MWXDb_Get NetPortlnst(cellld, netld,
&numberOfPortinsts,
&portinstldArrayPointer);

= Portinst to PortinstMaster

MWXDb_Get Portlnst portlnst)asterlid(cellld,
portinstid,
&portinstMasterid);

(continued on next page ...)
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Portinst to Defining Port SYNOPSYS

= PortinstMaster to CellinstMaster and Port Name

MWXDb_Get PortlnstMaster celllnstMasterlid(cellld,
portinstMasterlid,
&celllnstMasterld);

MWXDb_Get_ PortlnstMaster name(cellld, «
portinstMasterlid,
&portNameString);

= CelllnstMaster to Cell Name to Cell

MWXDb_Get CelllnstMaster cellName(cz111d,
celllnstMasterlid,
&cel INameString);

MWXDb_ Open_Celll (cel INameString, accessMode,
&childCellld);

= Cell to Port =]

MWXDb_ Get Port ByName(chrldCelllc,
&portNameString,
&childPortid);
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Occurrences via Hierarchical Names  SY[10PSYS

= Even In a folded representation...

= A hierarchical pathname can be constructed to
allow reference to a specific occurrence

= Starting at the “top cell” a series of instance
names can identify a specific path through an
unfolded hierarchy.
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Instance Paths to Occurrences SYNOPSYS

S ey ull_adehalf_add 2ior 02

and fU”_ad d/h alf_ad d_l/XOf_O/AZ — is a different port

inl cout

half_add_1

in2 sum—‘

[—
2

half add_2

Your Interoperability Partner
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Instance path to port example... SYNOPSYS

one cell file @@ @@@

=N

halfaddl / @

one cell file @ @ @

: LEGEND

D rza €D Cell @
LAY @

one cell file e cell file cne call fi'e
| ndozd1 [€ai XX 2 OO OO| ... @ ............ ;

MDF Santa Clara — Oct 17 2003 LCB Hierarchy in Milkyway (48)

[ Your Interoperability Partner}




Unfolded provides unique path to leaf SY[10PSYS

...UNFOLDED

full_add un

half_add_1 half_add_2 o

half add 1 \ half add 2

XX 2
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Naming is also used to track Buses  SY[10PSYS

= Milkyway ports and nets are “scalar” — one bit
= Consider the following Verilog with buses...

module ripple_carry _adder (cin , sum , cout , Inl , In2 );
input cin ;

input [3:0] inl1 ;

input [3:0] in2 ;

output [3:0] sum ;

output cout ;

full_adder C.cout C WO ) , .sum ( sum[O] ) , .cin ( cin ) ,
-in2 C 1In2[0] ) , -1n1 C 1n1]O] ) )

full_adder (-cout ( wi) , .sum ( sum[1] ) ., .cin (w0 ) ,
-in2 C 1n2[1] ) ., -1n1 C inl1[1]} ) )

full_adder C.cout (w2 ) , .sum ( sum[2] ) , .cin ( wili ) .,
-in2 C In2[2] ) . |n1 (¢ |n1[2] ) )

fulll_adder (.cout ( cout , -sum ( sum[3 C|n Cw2 ) ,
-in2 in2[3] ) , -inl C inl {3% )

endmodule
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Stored as scalars with these names... SY[10PSYS

input \iInl[O] ;
input \inl[1] ;
input \inl[2] ;
input \inl[3] ;

input \in2[0] ;
input \in2[1] ;
input \in2[2]
input \iIn2[3] ;

output \sum[O] -
output \sum[1] -
output \sum[2] ;
output \sum[3] ;

= Allows recreation of bus notation when output
again as Verilog
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Hierarchy in Layout SYNOPSYS

/ PIns
Instance / Pin Instances

Instance View Type
— A Cell'can reference any view type for the Cell
Instance

— Astro uses the FRAM view for Cell Instances — this Is
an Astro specific abstraction of the cell and pins
appropriate for Astro’s Place and Route algorithms
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Milkyway Physical Cell Hierarchy SYNOPSYS

TOPCEL FRAM view represents CI MCEL

only blockage, pins, and
vias. Cell Instances can

not be seen from this view SCl : F RA M:

m—

SCZ2.EFRAM
CIMLERAM /
Only CEL views show the
lower level Cell Instances

sc.Fram & [ SC.CEL

CCILFRAMDCCI2 FRAM

The Cell Ins_tances m\ﬁ/e _to_p cell' reference At the bottom of the hierarchy
the FRAM view of the defining Cell. the cells have no cell Instances in the CEL view.
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Milkyway Physical Cell Hierarchy
example design SV"[]PSVS

top_design.CEL

nand_macro.CEL

nd02d0.CEL
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Logical versus Physical SYNOPSYS

= Tracking logical vs. physical hierarchy and
connectivity Is an Important function as a design
progresses from concept through completion.

BUT...
= This Is not done by Milkyway

= |t s done by tools that run on Milkyway:
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SYNOPSYS

Thank you!
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