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SELECTIVE BOUNDARY OVERLAY 
INSERTION FOR HIERARCHICAL CIRCUIT 

DESIGN 

FIG . 4B illustrates a hierarchical circuit design 400B 
applying a merged boundary overlay to a gate level block 
according to embodiments of the present disclosure . 

BACKGROUND 5 DETAILED DESCRIPTION 

The present disclosure relates to circuit design and , more The present disclosure relates to a hierarchical circuit 
particularly , to techniques for selective boundary overlay design that uses layers of abstraction to concurrently design 

embedded components ( child cells ) and top - level compo insertion for hierarchical circuit design . 
Hierarchical circuit design refers to techniques in which ich 10 nents ( parent cells ) . The present embodiments enable selec 

tively applying two types of boundary overlays to a block or layers of abstraction are used to enable concurrent design of shape of a hierarchical circuit design : an instantiated bound embedded components and top - level components and to ary overlay and a merged boundary overlay . The instantiated enable reduced memory requirements by hiding self - con overlay aids the parent in passing testing when the child is 
tained portions of a design from automation or verification 15 abstracted out - of - context level but it is also utilized for the 
tools . The desire to abstract embedded components can parent to pass checking when the child is not abstracted ( i . e . , 
result in false verification failures that do not show up when when the child is inserted into the parent in context ) . The 
the hierarchy is flattened but may prevent a piece of the merged overlay is utilized for two purposes : filling in for 
hierarchy from achieving clean checking grades . Moreover , blocks that are known to exist at the parent level , and filling 
this can drown out real failures , potentially causing design 20 in for shapes that are known to exist in any child blocks . For 
defects . the former , it ensures that the parent will pass testing under 

the assumption that any parent - grandparent boundaries 
SUMMARY ( whether at the outer edges of the parent on in an interior 

socket , as illustrated in FIG . 4B ) will contain the correct 
According to an embodiment a method , system , and 25 blocks when the parent is inserted into the grandparent . For 

computer program product for selective boundary overlay the latter , it ensures that when the child is abstracted at the 
insertion for hierarchical circuit design are provided . A parent level , certain blocks used for checking that will be 
method may include determining , by a processing device , a present when the child abstract is replaced by a layout ) are 
block type of a child block . The method may further include temporarily created to enable the parent to pass testing . The 
electively inserting , by the processing device , at least one of 30 present techniques enable maintained validity checking at 
an instantiated boundary overlay and a merged boundary the parent level that includes the overlays placed at the 
overlay into the hierarchical circuit design based on the parent level to both temporarily fill in for the other layers of 
block type of the child block . The instantiated boundary hierarchy and permanently fix fails that are known to be 
overlay enables a parent block to pass a testing at an caused by certain hierarchical boundary combinations . 
out - of - context level , and the merged boundary overlay 35 Hierarchical circuit design refers to systems in which 
enables the parent block to continue to pass the testing when layers of abstraction are used to enable concurrent design of 
the child block is inserted into the parent block associated embedded components and top - level components . In 
with the child block . embodiments , a hierarchical circuit design may include 

Additional features and advantages are realized through various layers with blocks of each layer . In one embodiment , 
the techniques of the invention . Other embodiments and 40 a chip layer may contain a chiplet layer . The chiplet layer 
aspects of the invention are described in detail herein and are may contain a core layer . The core layer may contain a unit 
considered a part of the claimed invention . For a better layer . The unit layer may contain a random logic macro 
understanding of the invention with the advantages and the layer . The random logic macro ( RLM ) layer may contain a 
features , refer to the description and to the drawings . custom designed circuit layer ( also referred to as an IP 

45 layer ) . The IP layer may contain a cell layer that may include 
BRIEF DESCRIPTION OF THE DRAWINGS logic gates ( e . g . , NAND gates , OR gates , AND gates , XOR 

gates , NOR gates , etc . ) . 
The subject matter which is regarded as the invention is The desire to abstract embedded components can result in 

particularly pointed out and distinctly claimed in the claims false verification fails that do not show up when the hier 
at the conclusion of the specification . The forgoing and other 50 archy is flattened but do prevent a piece of the hierarchy 
features , and advantages thereof , are apparent from the from achieving clean testing ( or checking ) grades . More 
following detailed description taken in conjunction with the over , the abstracted approach can drown out real fails , which 
accompanying drawings in which : may potentially cause design defects . 

FIG . 1 illustrates a block diagram of a processing system The creation of a simple checking cell within the hierar 
for implementing the techniques described herein according 55 chical circuit design can be insufficient to test the hierarchi 
to embodiments of the present disclosure ; cal circuit design adequately because the shapes added 

FIG . 2 illustrates a block diagram of a processing system depend on the type of embedded design . In embodiments , a 
for selective boundary overlay insertion for hierarchical verification tool handling the abstracted areas may not know 
circuit design according to embodiments of the present what is inside those areas by looking at the shapes available . 
disclosure ; 60 For example , some designs need separate types of north / 

FIG . 3 illustrates a flow diagram of a method for boundary south ( N / S ) and east / west ( E / W ) fill indicators while others 
overlay insertion for hierarchical circuit design according to only need a N / S fill indicator . To solve this problem , the 
embodiments of the present disclosure ; techniques for selectively applying two types of boundary 

FIG . 4A illustrates a hierarchical circuit design 400A overlays are disclosed herein . 
applying an instantiated boundary overlay to a custom 65 Hierarchical circuit design reduces memory requirements 
designed circuit block ( e . g . , an IP block ) according to by hiding self - contained portions of a design from tools used 
embodiments of the present disclosure ; and for automation , verification , and / or testing . In order to verify 
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the circuit design , each piece of a design is checked indi FIG . 2 illustrates a block diagram of a processing system 
vidually out - of - context as well as after the pieces are com 200 for selective boundary overlay insertion for hierarchical 
bined with the top - level components . These and other circuit design according to embodiments of the present 
advantages will be apparent from the description that fol disclosure . The various components , modules , engines , etc . 
lows . described regarding FIG . 2 may be implemented as instruc 

FIG . 1 illustrates a block diagram of a processing system tions stored on a computer - readable storage medium , as 
100 for implementing the techniques described herein . In hardware modules , as special - purpose hardware ( e . g . , appli 
embodiments , the processing system 100 has one or more cation specific hardware , application specific integrated cir 
central processing units ( processors ) 101a , 101b , 101c , etc . cuits ( ASICs ) , as embedded controllers , hardwired circuitry , 
( collectively or generically referred to as processor ( s ) 101 ) . 10 etc . ) , or as some combination or combinations of these . In 
In aspects of the present disclosure , each processor 101 may embodiments , the engine ( s ) described herein may be a 
include a reduced instruction set computer ( RISC ) micro - combination of hardware and programming . The program 
processor . Processors 101 are coupled to system memory ming may be processor executable instructions stored on a 
( e . g . , random access memory ( RAM ) 114 and various other tangible memory , and the hardware may include processing 
components via a system bus 113 . Read only memory 15 device 201 for executing those instructions . Thus system 
( ROM ) 102 is coupled to the system bus 113 and may memory 114 of FIG . 1 can store program instructions that 
include a basic input / output system ( BIOS ) , which controls when executed by processing device 201 implement the 
certain basic functions of the processing system 100 . engines described herein . Other engines may also be utilized 

FIG . 1 further illustrates an input / output ( 1 / 0 ) adapter 107 to include other features and functionality described in other 
and a communications adapter 106 coupled to the system 20 embodiments herein . 
bus 113 . I / O adapter 107 may be a small computer system Processing system 200 may include processing device 
interface ( SCSI ) adapter that communicates with a hard disk 201 , block type determining engine 210 , instantiated bound 
103 and / or tape storage drive 105 or any other similar ary overlay engine 212 , and merged boundary overlay 
component . I / O adapter 107 , hard disk 103 , and tape storage engine 214 . Alternatively or additionally , the processing 
device 105 are collectively referred to herein as mass storage 25 system 200 may include dedicated hardware , such as one or 
104 . Operating system 120 for execution on the processing more integrated circuits , Application Specific Integrated 
system 100 may be stored in mass storage 104 . A network Circuits ( ASICS ) , Application Specific Special Processors 
adapter 106 interconnects bus 113 with an outside network ( ASSPs ) , Field Programmable Gate Arrays ( FPGAs ) , or any 
116 enabling the processing system 100 to communicate combination of the foregoing embodiments of dedicated 
with other such systems . 30 hardware , for performing the techniques described herein . 

A screen ( e . g . , a display monitor ) 115 is connected to Block type determining engine 210 determines a block 
system bus 113 by display adaptor 112 , which may include type of a child block . For example , a child block may be at 
a graphics adapter to improve the performance of graphics least an IP block or a gate level block . If it is determined that 
intensive applications and a video controller . In one aspect the child block is an IP block , an instantiated boundary 
of the present disclosure , adapters 106 , 107 , and 112 may be 35 overlay is to be applied by the instantiated boundary overlay 
connected to one or more I / O busses that are connected to engine 212 . However , if it is determined that the child block 
system bus 113 via an intermediate bus bridge ( not shown ) . is a gate level block , a merged boundary overlay is to be 
Suitable I / O buses for connecting peripheral devices such as applied by the merged boundary overlay engine 214 . 
hard disk controllers , network adapters , and graphics adapt - Instantiated boundary overlay engine 212 inserts an 
ers typically include common protocols , such as the Periph - 40 instantiated boundary overlay into the hierarchical circuit 
eral Component Interconnect ( PCI ) . Additional input / output design when it is determined that the child block is an IP 
devices are shown as connected to system bus 113 via user block . The instantiated boundary overlay aids the parent 
interface adapter 108 and display adapter 112 . A keyboard block ( in this case , the block containing the IP block ) in 
109 , mouse 110 , and speaker 111 all interconnected to bus passing a testing or verification at an out - of - context level . 
113 via user interface adapter 108 , which may include , for 45 An example of a parent block containing an IP block with an 
example , a Super I / O chip integrating multiple device adapt - instantiated boundary overlay applied is described below 
ers into a single integrated circuit . with reference to FIG . 4A . 

In some aspects of the present disclosure , the processing Merged boundary overlay engine 214 inserts a merged 
system 100 includes a graphics processing unit 130 . Graph - boundary overlay into the hierarchical design when it is 
ics processing unit 130 is a specialized electronic circuit 50 determined that the child block is a gate level block . The 
designed to manipulate and alter memory to accelerate the merged boundary overlay aids the parent block ( in this case , 
creation of images in a frame buffer intended for output to a gate level block ) in continuing to pass the testing when the 
a display . In general , graphics processing unit 130 is very abstracted child block is inserted into a parent block asso 
efficient at manipulating computer graphics and image pro ciated with the child block . The merged boundary overlay 
cessing , and has a highly parallel structure that makes it 55 also aids the parent block in continuing to pass the testing at 
more effective than general - purpose CPUs for algorithms the boundaries shared by the parent block and its parent 
where processing of large blocks of data is done in parallel . block ( referred to as a grandparent block ) . An embodiment 

Thus , as configured in FIG . 1 , the processing system 100 of a gate level block with a merged boundary overlay 
includes processing capability in the form of processors 101 , applied is described below with reference to FIG . 4B . 
storage capability including system memory 114 and mass 60 FIG . 3 illustrates a flow diagram of a method 300 for 
storage 104 , input means such as keyboard 109 and mouse boundary overlay insertion for hierarchical circuit design 
110 , and output capability including speaker 111 and display according to embodiments of the present disclosure . Method 
115 . In some aspects of the present disclosure , a portion of 300 starts at block 302 and continues to block 304 . At block 
system memory 114 and mass storage 104 collectively store 304 , method 300 includes determining a block type of a 
an operating system such as the AIX® operating system 65 child block . At block 306 , method 300 includes selectively 
from IBM Corporation to coordinate the functions of the inserting at least one of an instantiated boundary overlay and 
various components shown in FIG . 1 . a merged boundary overlay based on the block type of the 
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child block . The instantiated boundary overlay enables the The present techniques may be implemented as a system , 
parent block to pass a testing at an out - of - context level ( e . g . , a method , and / or a computer program product . The com 
testing at the parent level with abstracted children ) . The puter program product may include a computer readable 
merged boundary overlay enables the parent block to con - storage medium ( or media ) having computer readable pro 
tinuing to pass the testing when the child block is replaced 5 gram instructions thereon for causing a processor to carry 
with an abstracted form inside a parent block . out aspects of the present disclosure . 

In embodiments , the instantiated boundary overlay The computer readable storage medium can be a tangible 
remains with the parent block when the child block is device that can retain and store instructions for use by an 

instruction execution device . The computer readable storage inserted into the parent block associated with the child block 
while the portion of the merged boundary overlay associated 10 medium may be , for example , but is not limited to , an 
with the child block is removed from the parent block when electronic storage device , a magnetic storage device , an 

optical storage device , an electromagnetic storage device , a the parent block includes the child block in - context ( e . g . , a semiconductor storage device , or any suitable combination layout ) rather than out - of - context ( e . g . , an abstracted view ) . of the foregoing . A non - exhaustive list of more specific The instantiated boundary overlay may be applied when 15 en 15 embodiments of the computer readable storage medium 
it is determined that the child block is , for example , a custom includes the following : a portable computer diskette , a hard 
designed circuit block type ( e . g . , an IP block ) . In such case , disk , a random access memory ( RAM ) , a read - only memory 
the instantiated boundary overlay may include both a north / ( ROM ) , an erasable programmable read - only memory 
south boundary and an east / west boundary as discussed ( EPROM or Flash memory ) , a static random access memory 
below regarding FIG . 4A . 20 ( SRAM ) , a portable compact disc read - only memory ( CD 

The merged boundary overlay may be applied when it is ROM ) , a digital versatile disk ( DVD ) , a memory stick , a 
determined that the child block is , for example , a gate level floppy disk , a mechanically encoded device such as punch 
block type . In this case , he merged boundary overlay com - cards or raised structures in a groove having instructions 
prises an east / west boundary but no north / south boundary is recorded thereon , and any suitable combination of the fore 
needed as discussed below regarding FIG . 4B . 25 going . A computer readable storage medium , as used herein , 

Additional processes also may be included , and it should is not to be construed as being transitory signals per se , such 
be understood that the processes depicted in FIG . 3 represent as radio waves or other freely propagating electromagnetic 
illustrations , and that other processes may be added or waves , electromagnetic waves propagating through a wave 
existing processes may be removed , modified , or rearranged guide or other transmission media ( e . g . , light pulses passing 
without departing from the scope and spirit of the present 30 through a fiber - optic cable ) , or electrical signals transmitted 
disclosure . through a wire . 

FIG . 4A illustrates a hierarchical circuit design 400A Computer readable program instructions described herein 
applying an instantiated boundary overlay to a custom can be downloaded to respective computing / processing 
designed circuit block ( e . g . , an IP block ) according to devices from a computer readable storage medium or to an 
embodiments of the present disclosure . In particular , FIG . 35 external computer or external storage device via a network , 
4A illustrates a parent 402 that contains parent circuit rows for example , the Internet , a local area network , a wide area 
and a child 403 embedded in the parent . In this case , child network and / or a wireless network . The network may com 
403 is a custom designed circuit block ( e . g . , an IP block ) . prise copper transmission cables , optical transmission fibers , 
Thus , an instantiated overlay is used to embed child 403 in wireless transmission , routers , firewalls , switches , gateway 
parent 402 . The instantiated overlay is needed to verify the 40 computers and / or edge servers . A network adapter card or 
design across the hierarchy since the region between the network interface in each computing / processing device 
circuit rows is open . Accordingly , end caps 404 are added to receives computer readable program instructions from the 
bound east / west edges of child 403 and HFILL 406 is network and forwards the computer readable program 
added to bound the north / south edges of child 403 . instructions for storage in a computer readable storage 

FIG . 4B illustrates a hierarchical circuit design 400B 45 medium within the respective computing / processing device . 
applying a merged boundary overlay to a gate level block Computer readable program instructions for carrying out 
according to embodiments of the present disclosure . In the operations of the present disclosure may be assembler 
present embodiment , the gate - level block refers to the cutout instructions , instruction - set - architecture ( ISA ) instructions , 
area of the parent circuit rows , which includes FFILLinner machine instructions , machine dependent instructions , 
region 414 as well as the socket 420 and _ FFILLsocket 50 microcode , firmware instructions , state - setting data , or 
region 418 . In particular , FIG . 4B illustrates a parent 410 either source code or object code written in any combination 
that contains parent circuit rows and a child 412 embedded of one or more programming languages , including an object 
in the parent . In this case , child 412 is a gate level block and oriented programming language such as Smalltalk , C + + or 
parent 410 is also a gate level block . Thus , a merged overlay the like , and conventional procedural programming lan 
is used to embed child 412 in parent 410 . The merged 55 guages , such as the “ C ” programming language or similar 
overlay is needed to verify the design only until child 412 is programming languages . The computer readable program 
placed in - context ( e . g . , layout instead of abstract ) into parent instructions may execute entirely on the user ' s computer , 
410 . The FILL 416 provides an east / west bound between partly on the user ' s computer , as a stand - alone software 
parent 410 and child 412 . The _ FFILL 411 portion of the package , partly on the user ' s computer and partly on a 
merged overlay is only needed for the outer edges of gate 60 remote computer or entirely on the remote computer or 
level blocks while the FFILLinner region 414 portion of server . In the latter scenario , the remote computer may be 
the merged overlay is only needed for interior edges of gate connected to the user ' s computer through any type of 
level blocks with embedded gate level blocks . The _ FFILL network , including a local area network ( LAN ) or a wide 
socket region 418 of the merged overlay is needed for area network ( WAN ) , or the connection may be made to an 
exterior edges of socket shapes ( e . g . , socket 420 ) that may 65 external computer ( for example , through the Internet using 
be placed inside either IP blocks ( such as in FIG . 4A ) or gate an Internet Service Provider ) . In some embodiments , elec 
level bocks ( such as in FIG . 4B ) . tronic circuitry including , for example , programmable logic 
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and 

circuitry , field - programmable gate arrays ( FPGA ) , or pro - described techniques . The terminology used herein was 
grammable logic arrays ( PLA ) may execute the computer chosen to best explain the principles of the present tech 
readable program instructions by utilizing state information niques , the practical application or technical improvement 
of the computer readable program instructions to personalize over technologies found in the marketplace , or to enable 
the electronic circuitry , in order to perform aspects of the 5 others of ordinary skill in the art to understand the tech 
present disclosure . niques disclosed herein . 

Aspects of the present disclosure are described herein What is claimed is : 
with reference to flowchart illustrations and / or block dia 1 . A computer - implemented method for boundary overlay 
grams of methods , apparatus ( systems ) , and computer pro - insertion for hierarchical circuit design , the method com 
gram products according to aspects of the present disclosure . 10 prising : 
It will be understood that each block of the flowchart determining , by a processing device , a block type of a 
illustrations and / or block diagrams , and combinations of child block , wherein the block type is one of a custom 
blocks in the flowchart illustrations and / or block diagrams , designed circuit block type and a gate level block type ; 
can be implemented by computer readable program instruc inserting , by the processing device , an instantiated bound 
tions . 15 ary overlay into the hierarchical circuit design based on 

These computer readable program instructions may be the block type of the child block being the custom 
provided to a processor of a general purpose computer , designed circuit block type ; 
special purpose computer , or other programmable data pro inserting , by the processing device , a merged boundary 
cessing apparatus to produce a machine , such that the overlay into the hierarchical circuit design based on the 
instructions , which execute via the processor of the com - 20 block type of the child block being the gate level block 
puter or other programmable data processing apparatus , type , 
create means for implementing the functions / acts specified wherein the instantiated boundary overlay enables a par 
in the flowchart and / or block diagram block or blocks . These ent block to pass a testing at an out - of - context level , 
computer readable program instructions may also be stored 
in a computer readable storage medium that can direct a 25 wherein the merged boundary overlay enables the parent 
computer , a programmable data processing apparatus , and / block to continue to pass the testing when the child 
or other devices to function in a particular manner , such that block is inserted into the parent block associated with 
the computer readable storage medium having instructions the child block ; and 
stored therein comprises an article of manufacture including causing a circuit to be fabricated based at least in part on 
instructions which implement aspects of the function / act 30 the hierarchical circuit design subsequent to passing the 
specified in the flowchart and / or block diagram block or testing . 
blocks . 2 . The computer - implemented method of claim 1 , 

The computer readable program instructions may also be wherein the instantiated boundary overlay remains with the 
loaded onto a computer , other programmable data process - parent block when the child block is inserted into the parent 
ing apparatus , or other device to cause a series of operational 35 block associated with the child block . 
steps to be performed on the computer , other programmable 3 . The computer - implemented method of claim 1 , 
apparatus or other device to produce a computer imple - wherein the merged boundary overlay is removed from the 
mented process , such that the instructions which execute on parent block when the child block is inserted into the parent 
the computer , other programmable apparatus , or other block associated with the child block . 
device implement the functions / acts specified in the flow - 40 4 . The computer - implemented method of claim 1 , 
chart and / or block diagram block or blocks . wherein the instantiated boundary overlay comprises a 

The flowchart and block diagrams in the Figures illustrate north / south boundary and an east / west boundary . 
the architecture , functionality , and operation of possible 5 . The computer - implemented method of claim 1 , 
implementations of systems , methods , and computer pro - wherein the merged boundary overlay comprises an east / 
gram products according to various aspects of the present 45 west boundary . 
disclosure . In this regard , each block in the flowchart or 6 . A system for boundary overlay insertion for hierarchi 
block diagrams may represent a module , segment , or portion cal circuit design , the system comprising : 
of instructions , which comprises one or more executable a memory having computer readable instructions ; and 
instructions for implementing the specified logical a processor for executing the computer readable instruc 
function ( s ) . In some alternative implementations , the func - 50 tions , the computer readable instructions comprising : 
tions noted in the block may occur out of the order noted in determining a block type of a child block , wherein the 
the figures . For example , two blocks shown in succession block type is one of a custom designed circuit block 
may , in fact , be executed substantially concurrently , or the type and a gate level block type ; 
blocks may sometimes be executed in the reverse order , inserting an instantiated boundary overlay into the 
depending upon the functionality involved . It will also be 55 hierarchical circuit design based on the block type of 
noted that each block of the block diagrams and / or flowchart the child block being the custom designed circuit 
illustration , and combinations of blocks in the block dia block type ; 
grams and / or flowchart illustration , can be implemented by inserting a merged boundary overlay into the hierar 
special purpose hardware - based systems that perform the chical circuit design based on the block type of the 
specified functions or acts or carry out combinations of 60 child block being the gate level block type , 
special purpose hardware and computer instructions . wherein the instantiated boundary overlay enables a 

The descriptions of the various embodiments of the parent block to pass a testing at an out - of - context 
present disclosure have been presented for purposes of level , and 
illustration , but are not intended to be exhaustive or limited wherein the merged boundary overlay enables the 
to the embodiments disclosed . Many modifications and 65 parent block to continue to pass the testing when the 
variations will be apparent to those of ordinary skill in the child block is inserted into the parent block associ 
art without departing from the scope and spirit of the ated with the child block ; and 



US 9 , 971 , 861 B2 
10 

causing a circuit to be fabricated based at least in part insert an instantiated boundary overlay into the hierar 
on the hierarchical circuit design subsequent to pass chical circuit design based on the block type of the 
ing the testing child block being the custom designed circuit block 

7 . The system of claim 6 , wherein the instantiated bound type ; 

ary overlay remains with the parent block when the child 5 insert a merged boundary overlay into the hierarchical 
circuit design based on the block type of the child block is inserted into the parent block associated with the block being the gate level block type , child block . wherein the instantiated boundary overlay enables a 

8 . The system of claim 6 , wherein the merged boundary parent block to pass a testing at an out - of - context 
overlay is removed from the parent block when the child level , and 
block is inserted into the parent block associated with the wherein the merged boundary overlay enables the 
child block . parent block to continue to pass the testing when the 

9 . The system of claim 6 , wherein the instantiated bound child block is inserted into the parent block associ 
ated with the child block ; and ary overlay comprises a north / south boundary and an east / cause a circuit to be fabricated based at least in part on west boundary . the hierarchical circuit design subsequent to passing 

10 . The system of claim 6 , wherein the merged boundary the testing . 
overlay comprises an east / west boundary . 12 . The computer program product of claim 11 , wherein 

11 . A computer program product for boundary overlay the instantiated boundary overlay remains with the parent 
insertion for hierarchical circuit design , the computer pro block when the child block is inserted into the parent block 

20 associated with the child block . gram product comprising : 13 . The computer program product of claim 11 , wherein a computer readable storage medium having program the merged boundary overlay is removed from the parent 
instructions embodied therewith , the program instruc block when the child block is inserted into the parent block 
tions executable by a computer processor to cause the associated with the child block . 
computer processor to : 14 . The computer program product of claim 11 , wherein 
determine a block type of a child block . wherein the the instantiated boundary overlay comprises a north / south 

block type is one of a custom designed circuit block boundary and an east / west boundary . 
type and a gate level block type ; * * * * * 


