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CROSS-HIERARCHY INTERCONNECT
ADJUSTMENT FOR POWER RECOVERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. application Ser. No. 14/793,097 filed on Jul. 7,
2015, the contents of which is incorporated by reference
herein in their entirety.

BACKGROUND

[0002] The present invention relates generally to chip
design, and more specifically, to cross-hierarchy intercon-
nect adjustment for power recovery.

[0003] Chip design processes, such as system on a chip
(SOC) or application specific integrated circuit (ASIC)
design, may use a hierarchical approach for distribution of
metal resources in the chip among chip components. The
entire metal stack, as supported by the fabrication technol-
ogy that will be used to produce the physical chip, is
distributed across various child and parent hierarchies by a
contract process. Each hierarchy may be assigned one or
more exclusive layers of the metal stack with 100% avail-
ability, and also one or more shared portions of the metal
stack that are shared across two or more hierarchies. Power
recovery is performed on the topology of the chip design
before manufacturing in order to lower the overall power
consumed by the chip during operation as much as possible.
Power recovery may focus on device optimization based on
device qualities such as threshold voltage, drive strength,
and cell topology, and also balancing performance versus
routability in order to place interconnects between devices in
the metal stack.

SUMMARY

[0004] Embodiments include a method, system, and com-
puter program product for cross-hierarchy interconnect
adjustment. An aspect includes receiving chip layout data
corresponding to a chip design, the chip layout data com-
prising a plurality of chip components, a first hierarchy
comprising a first subset of the plurality of chip components,
and a second hierarchy comprising a second subset of the
plurality of chip components, wherein a first portion of a
metal stack of the chip is assigned to the first hierarchy and
a second portion of the metal stack of the chip is assigned to
the second hierarchy based on a contract between the first
hierarchy and the second hierarchy. Another aspect includes
determining an unused portion of the first portion of the
metal stack of the chip. Yet another aspect includes moving
an interconnect of the second hierarchy from the second
portion of the metal stack of the chip that is assigned to the
second hierarchy to the unused portion of the first portion of
the metal stack in the chip layout data. Another aspect
includes performing power recovery on the chip layout data
after moving the interconnect based on an amount of slack
margin generated in the chip design by the moving of the
interconnect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter which is regarded as embodi-
ments is particularly pointed out and distinctly claimed in
the claims at the conclusion of the specification. The forgo-
ing and other features, and advantages of the embodiments
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are apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:
[0006] FIG. 1 depicts a metal stack of a chip in accordance
with an embodiment;

[0007] FIG. 2 depicts an example graph of capacitance and
resistance through an metal stack in a chip in accordance
with an embodiment;

[0008] FIG. 3 depicts an example of a metal contract for
a chip comprising a parent/first child contract and a parent/
second child contract;

[0009] FIG. 4 depicts a process flow for cross-hierarchy
interconnect adjustment for power recovery in accordance
with an embodiment; and

[0010] FIG. 5 depicts an example of a computer that may
be used in conjunction with embodiments of cross-hierarchy
interconnect adjustment for power recovery.

DETAILED DESCRIPTION

[0011] Embodiments of cross-hierarchy interconnect
adjustment for power recovery are provided, with exemplary
embodiments being discussed below in detail. The contract-
based splitting of interconnect resources between two hier-
archies may result in inefficient deployment of interconnect
resources across multiple hierarchies. Therefore, cross-hier-
archy interconnect adjustment may be performed in con-
junction with the power recovery process to make use of
unused, relatively fast interconnect resources, increasing the
overall speed and reducing power in the chip. Power savings
may be increased in the power recovery process by exam-
ining and modifying the metal hierarchy contracts.

[0012] In order to balance performance and routability
concerns during interconnect placement, multiple iterations
of negotiation may be performed between parent and child
hierarchy owners in order to arrive at the hierarchy con-
tracts. However, even after many such iterations, there may
be relatively high speed metal resources that are unused in
the chip. For instance, the parent hierarchy may be assigned
100% of a particular metal layer, but may not actually
require the entire metal layer. Metal stack resources are
relatively slow at the bottom of the metal stack as compared
to the top of the metal stack, due to increased resistance at
the bottom of the metal stack. Cross-hierarchy interconnect
adjustment may reassign these unused, relatively fast inter-
connect resources that are assigned to a first hierarchy to a
second hierarchy that is assigned a slower portion of the
metal stack. The power recovery process can thereby
recover more power from critical timing path devices in the
chip, because use of faster interconnect wires give an
increased timing margin. In some embodiments, cross-
hierarchy interconnect adjustment may be built into a power
recovery engine that is run on a computer and processes the
chip layout, or topology, data; in other embodiments, cross-
hierarchy interconnect adjustment may be performed sepa-
rately on the chip topology data, before the power recovery
engine processes the chip layout data.

[0013] The parent hierarchy of a chip may be assigned the
higher-level, i.e., faster interconnect resources. The unused
parent-level interconnect resources may be reasonably
known in the chip design process, for example, few weeks
before design closure. Therefore, in some embodiments,
cross-hierarchy interconnect adjustment may be performed
few weeks before design closure, such that unused and
shared metal stack resources at the parent level are fully or
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partially used for interconnect upgrade, e.g., reassigning
such unused resources to child hierarchies.

[0014] FIG. 1 illustrates an embodiment of a metal stack
100 for a chip. Metal stack 100 includes a plurality of layers
101A-1, which may also be referred to as M1 to M9.
Resistance of the metal layers 101A-I decreases from the
bottom of the stack 100 (i.e. layer 101A M1), which has the
highest resistance, to the top of the stack (i.e., layer 1011
M9). Stack 100 is shown for illustrative purposes only; a
metal stack may have any appropriate number of layers.

[0015] FIG. 2 depicts an example graph 100 of capaci-
tance and resistance through the layers of a metal stack, such
as metal stack 100 of FIG. 1, in a chip in accordance with
an embodiment. The metal layer increases through metal
layers M1 to M9 (as were illustrated in FIG. 1) on the
horizontal axis 205, while resistance and capacitance
increase on the vertical axis 204. The metal layer resistance
(R) is given by line 201, and the metal layer capacitance (C)
is given by line 202. Resistance line 201 decreases through-
out the metal layers M1 to M9. There is a relatively flat zone
203 in the capacitance line 202, over which the capacitance
values remain relatively constant. As shown in FIG. 2, the
capacitance profile remains relatively stable (constant)
across the metal stack while resistance falls considerably.
The interconnect resources are therefore faster higher up in
the metal stack because of lower overall RC delay. Flat
capacitance zone 203 allows swapping a range of wire-codes
with higher layer metal without impacting capacitive inter-
connect loading. Higher capacitive loading on an intercon-
nect or device impacts timing (e.g., slack/slew fails) and
may consume additional power. However, within the flat
capacitance zone 203 of the metal stack, connections may be
switched to higher layer, lower resistance interconnects to
take advantage of the overall lower RC value.

[0016] FIG. 3 depicts an example of a metal contract 300
for a chip comprising a parent/first child contract and a
parent/second child contract. Parent metal hierarchy 301,
first child metal hierarchy 302, and second child metal
hierarchy 303 each correspond to respective subsets of the
overall chip design that require metal resources for inter-
connects between components. The parent metal hierarchy
301 assigns a subset of the metal stack to each of the first and
second child hierarchies 302 and 303, has a contract with
respect to each of first child metal hierarchy 302 and second
metal hierarchy 303 within their respective subset of the
metal stack. However, first child metal hierarchy 302 and
second child metal hierarchy 303 have no contract with each
other. First child metal hierarchy 302 and second child metal
hierarchy 303 attempt to meet performance targets using
available interconnect resources defined by their contracts.
An example of a parent/first child contract is illustrated in
Table 1, and an example of a parent/second child contract is
illustrated in Table 2. As shown in Table 1, for the portion
of the metal stack assigned to the parent/first child contract,
first child metal hierarchy 302 is assigned 100% of metal
layers M1, M2, M3, and M4, and 80% of metal layers M5
and M6; and parent metal hierarchy is assigned 20% of
metal layers M5 and M6, and 100% of metal layers M8 and
M9. As shown in Table 2, for the portion of the metal stack
assigned to the parent/second child contract, second child
metal hierarchy 303 is assigned 100% of metal layers M1,
M2, and M3, 50% of metal layers M4 and M5, and 20% of
metal layer M6; and parent metal hierarchy is assigned 50%

Jan. 12, 2017

of metal layers M4 and M5, 80% of metal layer M6, and
100% of metal layers M7, M8, and M9.

TABLE 1

Example First Child and Parent Metal Contract

c1 P
M1 100% 0%
M2 100% 0%
M3 100% 0%
M4 100% 0%
M5 80% 20%
M6 80% 20%
M7 50% 50%
M8 0% 100%
M9 0% 100%
TABLE 2

Example Second Child and Parent Metal Contract

c2 P
M1 100% 0%
M2 100% 0%
M3 100% 0%
M4 50% 50%
M5 50% 50%
M6 20% 80%
M7 0% 100%
M8 0% 100%
M9 0% 100%

[0017] FIG. 4 illustrates an embodiment of a method 400
for cross-hierarchy interconnect adjustment for power
recovery. First, in block 401, an initial chip layout, including
the metal hierarchies, for a chip design are determined. An
example of hierarchies that may be determined in block 401
are illustrated with respect to FIG. 3 and Tables 1 and 2.
Subsets of the components of the chip are assigned to the
various hierarchies. Subsets of the metal stack are also
assigned to the various hierarchies to use for interconnecting
each hierarchy’s respective components. Metal contracts are
determined between the various hierarchies. Then, in block
402, the components of the chip are placed, and intercon-
nects are routed between the components according to the
metal hierarchies and contracts. For components that are
assigned to a particular hierarchy, only the metal resources
that are contractually assigned to that hierarchy are used to
route interconnects between those components. In some
embodiments, the higher-level metal resources, having a
lower RC value, are assigned to the parent hierarchy, and the
lower-level metal resources, having a higher RC value, are
assigned to the child hierarchies. In block 402, performance
and routability are balanced against each other. For example,
shorter interconnects are faster; however due to physical
placement feasibility, some interconnects may need to be
relatively long. Next, in block 403, it is determined whether
predetermined timing requirements for the chip design are
met by the placement and routing that was performed in
block 403. If it is determined in block 403 that the prede-
termined timing requirements are not met, flow returns to
block 402, and placement and rerouting are redone in order
to attempt to meet the predetermined timing requirements.
Blocks 402 and 403 are repeated until the predetermined
timing requirements for the chip are met in block 403.
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[0018] Then, flow proceeds to block 404, in which cross-
hierarchy interconnect adjustment is performed. Unused
metal resources having a relatively low RC value (e.g.,
towards the top of the metal stack) are identified, and are
reassigned to hierarchies that are assigned to metal resources
that have a higher RC value. For example, metal resources
that are assigned to the parent hierarchy but are unused,
based on the routing and placement that was performed in
block 402, may be reassigned to a child hierarchy. Localized
grid-based analysis of the parent hierarchy metal stack
availability may be performed to determine unused parent
metal resources. The cross-hierarchy interconnect adjust-
ment is performed in block 404 based on various predeter-
mined rules and constraints. The rules and constraints for
cross-hierarchy interconnect adjustment may be defined in
terms of slack, congestion, engineering change order (ECO)-
ability, interconnect length, and component driver and load
profile. Lower and upper limits on interconnect lengths that
may be remapped to a higher layer may be set. The parent
hierarchy may have additional metal reservation require-
ments for congestion scenarios in the chip that are taken into
account in some embodiments. For each interconnect that is
determined to be a candidate to be moved to another metal
level, a slack improvement threshold that would be made
possible by the move is compared to a current slack of the
interconnect. For each component that is affected by moving
an interconnect, the driver, pre-driver and load device profile
is evaluated before moving the interconnect. In block 404,
one or more interconnects may be moved from a lower metal
layer that was assigned in block 402 to a higher metal layer
that was assigned to a different hierarchy but is unused based
on the placement of block 402, generating additional slack
margin in the chip design due to the higher metal layers
providing faster interconnects. The cross-hierarchy intercon-
nect adjustment process may have a predetermined slack
margin improvement target in some embodiments.

[0019] Then, in block 405, power recovery is performed
on the components of the chip design 405 using the addi-
tional slack margin that was generated in block 404. In some
embodiments, power recovery in block 405 is performed on
the components of the chip design completely separately
after the cross-hierarchy interconnect adjustment that was
performed in block 404. In other embodiments, the cross-
hierarchy interconnect adjustment of block 404 is performed
as a part of post-routing design optimization, in which the
power down algorithm can see additional interconnect avail-
ability at the parent hierarchy level on-the-fly and can use
any available parent metal resources while doing power
recovery, e.g., simultaneous device-interconnect optimiza-
tion. Lastly, after power recovery is performed, in block 406,
a physical chip is fabricated based on the power-recovered
chip layout data that was determined by the processing of
blocks 401-405.

[0020] FIG. 5 illustrates an example of a computer 500
which may be utilized by exemplary embodiments of cross-
hierarchy interconnect adjustment. Various operations dis-
cussed above may utilize the capabilities of the computer
500. One or more of the capabilities of the computer 500
may be incorporated in any element, module, application,
and/or component discussed herein.

[0021] The computer 500 includes, but is not limited to,
PCs, workstations, laptops, PDAs, palm devices, servers,
storages, and the like. Generally, in terms of hardware
architecture, the computer 500 may include one or more
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processors 510, memory 520, and one or more [/O devices
570 that are communicatively coupled via a local interface
(not shown). The local interface can be, for example but not
limited to, one or more buses or other wired or wireless
connections, as is known in the art. The local interface may
have additional elements, such as controllers, buffers
(caches), drivers, repeaters, and receivers, to enable com-
munications. Further, the local interface may include
address, control, and/or data connections to enable appro-
priate communications among the aforementioned compo-
nents.

[0022] The processor 510 is a hardware device for execut-
ing software that can be stored in the memory 520. The
processor 510 can be virtually any custom made or com-
mercially available processor, a central processing unit
(CPU), a digital signal processor (DSP), or an auxiliary
processor among several processors associated with the
computer 500, and the processor 510 may be a semicon-
ductor based microprocessor (in the form of a microchip) or
a Mmacroprocessor.

[0023] The memory 520 can include any one or combi-
nation of volatile memory elements (e.g., random access
memory (RAM), such as dynamic random access memory
(DRAM), static random access memory (SRAM), etc.) and
nonvolatile memory elements (e.g., ROM, erasable pro-
grammable read only memory (EPROM), electronically
erasable programmable read only memory (EEPROM), pro-
grammable read only memory (PROM), tape, compact disc
read only memory (CD-ROM), disk, diskette, cartridge,
cassette or the like, etc.). Moreover, the memory 520 may
incorporate electronic, magnetic, optical, and/or other types
of storage media. Note that the memory 520 can have a
distributed architecture, where various components are situ-
ated remote from one another, but can be accessed by the
processor 510.

[0024] The software in the memory 520 may include one
or more separate programs, each of which comprises an
ordered listing of executable instructions for implementing
logical functions. The software in the memory 520 includes
a suitable operating system (O/S) 550, compiler 540, source
code 530, and one or more applications 560 in accordance
with exemplary embodiments. As illustrated, the application
560 comprises numerous functional components for imple-
menting the features and operations of the exemplary
embodiments. The application 560 of the computer 500 may
represent various applications, computational units, logic,
functional units, processes, operations, virtual entities, and/
or modules in accordance with exemplary embodiments, but
the application 560 is not meant to be a limitation.

[0025] The operating system 550 controls the execution of
other computer programs, and provides scheduling, input-
output control, file and data management, memory manage-
ment, and communication control and related services. It is
contemplated by the inventors that the application 560 for
implementing exemplary embodiments may be applicable
on all commercially available operating systems.

[0026] Application 560 may be a source program, execut-
able program (object code), script, or any other entity
comprising a set of instructions to be performed. When a
source program, then the program is usually translated via a
compiler (such as the compiler 540), assembler, interpreter,
or the like, which may or may not be included within the
memory 520, so as to operate properly in connection with
the O/S 550. Furthermore, the application 560 can be written
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as an object oriented programming language, which has
classes of data and methods, or a procedure programming
language, which has routines, subroutines, and/or functions,
for example but not limited to, C, C++, C#, Pascal, BASIC,
API calls, HTML, XHTML, XML, ASP scripts, FORTRAN,
COBOL, Perl, Java, ADA, NET, and the like.

[0027] The 1/O devices 570 may include input devices
such as, for example but not limited to, a mouse, keyboard,
scanner, microphone, camera, etc. Furthermore, the 1/O
devices 570 may also include output devices, for example
but not limited to a printer, display, etc. Finally, the I/O
devices 570 may further include devices that communicate
both inputs and outputs, for instance but not limited to, a
NIC or modulator/demodulator (for accessing remote
devices, other files, devices, systems, or a network), a radio
frequency (RF) or other transceiver, a telephonic interface,
a bridge, a router, etc. The 1/O devices 570 also include
components for communicating over various networks, such
as the Internet or intranet.

[0028] If the computer 500 is a PC, workstation, intelli-
gent device or the like, the software in the memory 520 may
further include a basic input output system (BIOS) (omitted
for simplicity). The BIOS is a set of essential software
routines that initialize and test hardware at startup, start the
O/S 550, and support the transfer of data among the hard-
ware devices. The BIOS is stored in some type of read-only-
memory, such as ROM, PROM, EPROM, EEPROM or the
like, so that the BIOS can be executed when the computer
500 is activated.

[0029] When the computer 500 is in operation, the pro-
cessor 510 is configured to execute software stored within
the memory 520, to communicate data to and from the
memory 520, and to generally control operations of the
computer 500 pursuant to the software. The application 560
and the O/S 550 are read, in whole or in part, by the
processor 510, perhaps buffered within the processor 510,
and then executed.

[0030] When the application 560 is implemented in soft-
ware it should be noted that the application 560 can be stored
on virtually any computer readable storage medium for use
by or in connection with any computer related system or
method. In the context of this document, a computer read-
able storage medium may be an electronic, magnetic, opti-
cal, or other physical device or means that can contain or
store a computer program for use by or in connection with
a computer related system or method.

[0031] The application 560 can be embodied in any com-
puter-readable storage medium for use by or in connection
with an instruction execution system, apparatus, or device,
such as a computer-based system, processor-containing sys-
tem, or other system that can fetch the instructions from the
instruction execution system, apparatus, or device and
execute the instructions. In the context of this document, a
“computer-readable storage medium” can be any means that
can store the program for use by or in connection with the
instruction execution system, apparatus, or device. The
computer readable storage medium can be, for example but
not limited to, an electronic, magnetic, optical, electromag-
netic, or semiconductor system, apparatus, or a device.
[0032] More specific examples (a nonexhaustive list) of
the computer-readable storage medium may include the
following: an electrical connection (electronic) having one
or more wires, a portable computer diskette (magnetic or
optical), a random access memory (RAM) (electronic), a
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read-only memory (ROM) (electronic), an erasable pro-
grammable read-only memory (EPROM, EEPROM, or
Flash memory) (electronic), an optical fiber (optical), and a
portable compact disc memory (CDROM, CD R/W) (opti-
cal). Note that the computer-readable storage medium could
even be paper or another suitable medium, upon which the
program is printed or punched, as the program can be
electronically captured, via for instance optical scanning of
the paper or other medium, then compiled, interpreted or
otherwise processed in a suitable manner if necessary, and
then stored in a computer memory.

[0033] In exemplary embodiments, where the application
560 is implemented in hardware, the application 560 can be
implemented with any one or a combination of the following
technologies, which are well known in the art: a discrete
logic circuit(s) having logic gates for implementing logic
functions upon data signals, an application specific inte-
grated circuit (ASIC) having appropriate combinational
logic gates, a programmable gate array(s) (PGA), a field
programmable gate array (FPGA), etc.

[0034] Technical effects and benefits include timing gains
and reduced power consumption in a chip.

[0035] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0036] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A nonexhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0037] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
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from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0038] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention

[0039] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0040] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0041] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
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execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0042] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.
[0043] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:

1. A computer implemented method for cross-hierarchy
interconnect adjustment, the method comprising:

determining a chip layout data corresponding to a chip
design the chip layout data comprising a plurality of
chip components, a first hierarchy comprising a first
subset of the plurality of chip components, and a
second hierarchy comprising a second subset of the
plurality of chip components, wherein a first portion of
a metal stack of the chip design is assigned to the first
hierarchy and a second portion of the metal stack is
assigned to the second hierarchy based on a contract
between the first hierarchy and the second hierarchy;

receiving chip layout data and placing the plurality of chip
components based on the first hierarchy, the second
hierarchy and the contract;

assigning higher-level metal resources to a parent hierar-
chy and lower-level metal resources to the first hierar-
chy and second hierarchy, the higher-level metal
resources having a first RC value and the lower-level
metal resources having a second RC value, the second
RC value being larger than the first RC value;

determining an unused portion of the first portion of the
metal stack;

moving an interconnect of the second hierarchy from the
second portion of the metal stack that is assigned to the
second hierarchy to the unused portion of the first
portion of the metal stack in the chip layout data, the
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movement of the interconnect being based on an RC
value, slack, congestion, interconnect length and load
profile; and

performing power recovery on the chip layout data after
moving the interconnect based on an amount of slack
margin generated in the chip design by the moving of
the interconnect; and

fabricating a physical chip based on the chip layout data
after performing the power recovery.

#* #* #* #* #*
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