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Abstract 
Global Address Space (GAS) languages are an important 
class of parallel programming languages that provide a 
shared-memory abstraction to the programmer on 
arbitrary hardware. Efficient implementation of GAS 
languages (such as UPC) is critically dependent on the 
use of low-latency, low-overhead, high-bandwidth 
communication systems – unfortunately most low-level 
high-performance communication interfaces are highly 
vendor and machine specific, which is a serious 
impediment to compiler portability. We present the 
GASNet communication API, which provides an 
expressive and portable interface for high-performance 
one-sided communication that can be used as a 
compilation target for GAS languages. We have 
completed a prototype implementation of the GASNet 
API on MPI, and present initial micro-benchmark 
performance results for the prototype – we find that MPI 
itself is not a very suitable target for implementing GAS 
languages, but that the performance overheads imposed 
by the use of the GASNet API are minimal. 

1 Introduction 
Modern parallel architectures can be roughly divided into 
two camps based on the programming interface exposed 
by the hardware: shared memory systems where parallel 
threads of control all share a single logical memory space 
(and communication is achieved through simple loads and 
stores), and distributed memory systems where some (but 
not necessarily all) threads of control have disjoint 
memory spaces and communicate through explicit 
communication operations (e.g. message passing). 
Experience has shown that the shared memory model is 
often easier to program with and reason about, however it 
presents serious scalability challenges to hardware 
designers and (with a few notable exceptions) distributed 
memory machines currently dominate the high-end 
supercomputing market (i.e. systems with 100’s to 1000’s 
of compute processors). 

The global-address space model is a hybrid that seeks to 
combine the advantages of both models. It offers the 
programmability advantages of a globally shared address 
space, but is carefully designed to allow efficient 
implementation on distributed-memory message-passing 
architectures. UPC, Titanium and Co-array Fortran are 

examples of modern programming languages that provide 
a global-address space memory model. GAS languages 
typically make the distinction between local and remote 
memory references explicitly visible to encourage 
programmers to consider the locality properties of their 
program.  

The next section describes the UPC programming 
language. Section 2 presents the architecture of our UPC 
compiler and the GASNet communication system. 
Section 3 discusses the novel support for handler 
atomicity provided by the GASNet core API. Section 4 
provides initial performance results for the prototype 
GASNet implementation. Section 5 discusses related 
work, and we conclude and summarize future work in 
section 6. 

1.1 UPC 
UPC [11] is a parallel SPMD superset of the C 
programming language. It provides a shared memory 
abstraction to the programmer, regardless of the memory 
model provided by the underlying hardware. Experience 
has shown that in order to design high-performance 
parallel algorithms for high-end supercomputers 
(especially those with physically distributed memory) it is 
important to consider the locality properties of the major 
data structures and data accesses within the inner loops - 
even in the presence of a shared-memory abstraction. 
Towards this goal, the UPC memory space is logically 
divided into a “private”  area associated with each thread 
(and accessible only to that thread), and a shared memory 
area (accessible from any thread), as shown in Figure 1. 
In addition, all shared memory objects have “affinity”  to 
a specific thread that will have the fastest possible access 
to that object (in a distributed memory system, this means 
the object resides in the local memory of the associated 
compute processor).  

�����������
	

���� ��������	

�����������
�����������������

���� ��������� ���� �������
������� �!�������"# $

% &#
&
'' (
)**
*
+&
,)

�����������-������������
	

���� ��������	

�����������
�����������������

���� ��������� ���� �������
������� �!�������"# $

% &#
&
'' (
)**
*
+&
,)

�����������-������������
	

���� ��������	

�����������
�����������������

���� ��������� ���� �������
������� �!�������"# $

% &#
&
'' (
)**
*
+&
,)

�����������-�

 
Figure 1: The UPC M emory M odel 
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UPC has language support for parallel data distribution - 
arrays in shared memory may have their affinity 
distributed across one or more threads (as specified by the 
programmer) so a specific subset of the elements has 
affinity to a given thread. A new parallel loop construct 
(upc_forall) allows programmers to easily specify a 
collective computation where each thread operates on the 
data with affinity to that thread. Finally, there is language 
support for relaxed memory consistency models to enable 
aggressive use of non-blocking remote memory 
operations that help tolerate network latencies. 

UPC is a relatively new programming language (the first 
mature specification was standardized in Feb, 2001), and 
compiler development efforts are underway at a number 
of major corporations and institutions [26]. With one 
notable exception ([21]), all efforts to-date focus on 
implementing a monolithic compiler that translates UPC 
programs directly to machine code (generally by 
extending an existing C compiler). For example, the first 
UPC compiler [6] modified the code-generation phase of 
the GNU gcc compiler to implement UPC memory 
references on the Cray T3E using the platform-specific E-
registers. The monolithic compiler approach has the 
advantage of preserving information gleaned from high-
level language constructs down to the assembly code 
level, but has the serious disadvantage that the compiler 
must be re-implemented from scratch for each platform 
and network architecture. This negatively affects 
widespread acceptance of the language and possibly 
hinders the portability of applications. 

2 System Architecture 
The UPC project at NERSC [15] (a joint effort between 
LBL and UC Berkeley, funded in part by the DOE 
pmodels grant) is seeking to develop a fully-portable, 
high-performance UPC compiler that will run on a wide 
variety of shared-memory and distributed-memory 
platforms using different network interconnects, 
including large-scale multiprocessors, PC clusters, and 
clusters of shared memory multiprocessors. One of the 
main goals of the project is to experiment with parallel 
compiler optimization techniques, without being tied to a 
particular system architecture or network. Portability is 
achieved by translating UPC programs to an intermediate 
representation in C, which can then be compiled using the 
system’s ANSI C compiler and linked to a standardized 
runtime system and communication system tailored to the 
specific platform. 

Figure 2 shows the high-level system diagram for a UPC 
application compiled using the NERSC UPC compiler. 

The generated C code will run on top of the UPC runtime 
system, which will provide platform independence and 
implement language-specific features such as shared 
memory allocation and shared pointer manipulation. The 
runtime system will implement remote operations by 
calling the GASNet communication interface, which 
provides hardware-independent lightweight networking 
primitives.  

2.1 GASNet Design 
The primary goal of GASNet is to provide a high-
performance, network-independent communication 
interface that can be used as a compilation target for any 
global address-space programming language. The 
performance goal is an obvious one – programmers 
generally write parallel applications because they care 
about performance, and the overall performance of 
applications written in GAS languages can be very 
sensitive to network performance characteristics 
(especially small message latency and overhead). 
Unfortunately, most low-level high-performance 
communication interfaces are highly vendor and machine 
specific - which is a serious impediment to compiler 
portability. GASNet abstracts away the network-specific 
details to provide a portable, yet still high-performance 
interface - a GAS language compiler using GASNet can 
be retargeted to a new network system by simply 
implementing the GASNet API on the new network. 

The design of GASNet is partitioned into two layers to 
maximize porting ease without sacrificing performance: 
the lower level is a narrow but very general interface 
called the GASNet core API – the design is based heavily 
on Active Messages [17], and is implemented directly on 
top of each individual network architecture. The upper 
level is a wider and more expressive interface called the 
GASNet extended API, which provides high-level 
operations such as remote memory access and various 
collective operations. We’ve written a network-
independent reference implementation of the extended 
API purely in terms of the core API, which allows 
GASNet (and the GAS compiler) to quickly and easily be 

Compiler-generated C code

UPC Runtime system

GASNet Communication System

Network Hardware

Platform-
independent

Network-
independent

Language-
independent

Compiler-
independent

UPC Code Compiler

Compiler-generated C code

UPC Runtime system

GASNet Communication System

Network Hardware

Compiler-generated C code

UPC Runtime system

GASNet Communication System

Network Hardware

Platform-
independent

Network-
independent

Language-
independent
Language-

independent

Compiler-
independent
Compiler-

independent

UPC Code Compiler

 
Figure 2: High-level system diagram for  the UPC/NERSC 

compiler  



 3

ported to a new network architecture by re-implementing 
only the minimal core API. GASNet is structured such 
that implementers can choose to additionally bypass 
certain functions in the reference implementation of the 
extended API and implement them directly on the 
hardware to improve performance of specific operations 
when hardware support is available (e.g. special network 
support for puts/gets or hardware-assisted broadcast). 

The complete GASNet specification we created is 
included as Appendix A, however the highlights will be 
presented here. 

2.2 GASNet Core API  
The GASNet core API is a narrow interface based on the 
Active Messages (AM) paradigm [28], which is general 
enough to implement everything in the extended API. The 
AM 2.0 specification [17] was a starting point for the 
design – however, we’ve stripped out many of the 
extraneous complexities (e.g. multiple endpoint support, 
explicit translation management) which are irrelevant in 
the context of a SPMD global-address space 
communication system. We’ve also extended the 
interface somewhat by adding support for 64-bit 
architectures and mechanisms for explicit handler 
atomicity control (see section 3). Finally, the core API 
includes direct support for SPMD job bootstrapping and 
layout queries, a feature often omitted or overlooked in 
low-level communication interfaces that generally leads 
to lots platform-specific or even site-specific 
bootstrapping code in the client. 

Active Messages is basically a low-level super-
lightweight RPC mechanism – it provides unordered, 
reliable delivery of matched request/reply messages that 
are serviced by user-provided lightweight handlers, which 
run quickly and to completion to integrate communicated 
data into the ongoing computation. All active messages 
may carry a small number of integer arguments to the 
user-provided handler. Additionally, “medium”-sized 
active messages carry a payload of opaque data made 
available to the handler in a temporary buffer, and “ long”-
sized active messages carry a DMA transfer of data that is 
transferred to a location specified by the sender before the 
handler runs. AM implementations are available for a 
number of network architectures (Via, Myrinet, MPI, 
LAPI, UDP, etc.), and the AM paradigm has strongly 
influenced the design of a number of other network 
interfaces (e.g. LAPI, GM).  

Native AM implementations on high-performance 
networks are usually implemented as a purely user-level 
communication system to maximize latency performance, 

and we expect the same will be true for GASNet core 
implementations. A variety of message receipt and 
servicing paradigms are provided by modern high-
performance network hardware, however AM 2.0 requires 
handlers to run in a polling-based manner, that is, 
handlers for pending messages run synchronously on the 
compute thread during calls to AM_Poll() or other AM 
message send operations. Our GASNet core API relaxes 
this requirement and allows core implementors to select 
the message handling technique most appropriate for the 
given network. Examples of alternative message 
reception techniques include: using hardware interrupts to 
interrupt the computation thread (especially useful for 
systems that support fast user-level network interrupts, 
such as the J-machine [10]), combinations of interrupts 
and polling (such as the Polling Watchdog [18]), keeping 
a private, asynchronous communication thread which 
performs all message reception and handler execution 
(similar to LAPI’s completion thread [12]), and more 
exotic alternatives such as dedicated NIC processors 
capable of running arbitrary handler code (similar to the 
FLASH multiprocessor [14]). One consequence of this 
flexibility is that the core must provide additional 
mechanisms to enable the implementation of AM 
handlers that atomically update critical data structures – 
this issue is discussed further in section 3. 

Most clients will use calls to the extended API functions 
to implement the bulk of their communication work 
(thereby ensuring optimal performance across platforms). 
However, the client is also permitted to use the core AM 
interface to implement non-trivial language-specific or 
compiler-specific communication operations which 
would not be appropriate in a language-independent API 
(e.g. implementing distributed language-level locks, 
distributed garbage collection, collective memory 
allocation, etc.). Experience has shown that AM is 
general enough to express most or all of the 
communication patterns desirable in implementing GAS 
languages – therefore in addition to the portability 
benefits, the availability of the core API also provides a 
nice extensibility mechanism to accommodate unforeseen 
future communication needs. 

2.3 GASNet Extended API  
The GASNet extended API is a richly expressive and 
flexible interface that provides high-level one-sided 
remote memory get/put operations and collective 
operations (basically any primitive that would be useful 
for implementing a GAS language that we could imagine 
being implemented using hardware support on some 
NICs).  
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The remote memory operations in the GASNet extended 
API were designed to support a wide variety of usage 
scenarios to facilitate experimentation with parallel 
compiler optimizations. They include simple blocking 
gets/puts, and two flavors of non-blocking data transfers. 
Explicit-handle non-blocking operations (“nb”  suffix) 
return a handle representing the operation in-flight, and 
must later be completed by passing this handle to an 
explicit-handle synchronization function (there are 
functions for synchronizing on a particular handle, or a 
specific list of handles). Implicit-handle non-blocking 
operations (“nbi”  suffix) do not return a handle, and are 
completed using generic synchronizations functions that 
synchronize on the completion of all the current thread’s 
outstanding implicit-handle puts, gets, or both. Access 
region synchronization provides a mechanism for 
associating a single explicit handle with all the implicit-
handle operations initiated during a given time interval. 
Every synchronization function supports polling or 
blocking for completion. All of the data transfer functions 
provide memory-to-memory transfers, and many also 
provide register-to-memory or memory-to-register 
transfers, to avoid forcing data to pass through local 
memory on architectures that support remote memory 
gets/puts directly to/from registers (such as the Cray 
T3E). Remote memory addresses are expressed using a 
tuple of (node rank, virtual address), and all the 
operations in the extended and core API support 
loopback1. 

The only collective operation currently provided in the 
extended API is a named split-phase barrier, although we 
plan to extend this list to include other operations such as 
broadcasts, reductions, scan etc. in the near future (we are 
waiting on a new version of the UPC specification which 
will incorporate these features at the language level). 

The extended API interface is meant primarily as a low-
level compilation target, not a library for hand-written 
code - as such, the goals of expressiveness and 
performance generally take precedence over readability 
and minimality. Implementors for NIC's that provide 
some hardware support for higher-level messaging 
operations (e.g. support for servicing remote reads/writes 
on the NIC without involving the main CPU) are 
encouraged to implement an appropriate subset of the 
extended API directly on the network of interest 
(bypassing the core API) to achieve maximal 
performance for those operations (but this is an 

                                                 
1 Although in many cases the loopback cutoff will likely occur at a 
higher level, in the GAS language runtime system. 

optimization and is not required to have a working 
system). 

3 Handler  Atomicity 
Traditional AM 2.0 implementations are purely polling-
based, meaning that all handlers run synchronously on the 
main thread of computation during calls to AM_Poll() or 
the message sending functions. Handlers must run to 
completion and are never permitted to make blocking 
calls (such as lock acquire) to prevent deadlocking the 
system. Therefore, the only way to achieve atomicity 
within AM 2.0 handlers (for example, to atomically 
update a shared data structure) is to only make AM calls 
from a single application thread and only while holding a 
lock that also protects all the data structures that may be 
accessed by handlers – the synchronous nature of handler 
dispatch then ensures all handlers will run atomically 
with respect to each other and the main threads of 
computation that may be modifying the data structures in 
question. This approach works but greatly limits the level 
of concurrency possible in the system (especially in the 
presence of multiple processors) because it over-
synchronizes the handlers (enforces atomicity even when 
it is not required), and creates a bottleneck between 
application threads on the single lock that protects all 
handler-accessible data structures and the network. 

GASNet relaxes the restrictions on handler dispatch to 
allow interrupt-based handlers and other more general 
message reception techniques. In GASNet, core handlers 
may run asynchronously with respect to all application 
threads, and they may run concurrently with each other 
on separate threads – the only restriction is that handlers 
are not interruptible (that is, any given thread will be 
running at most a single handler at a time and will never 
be interrupted to run another handler). The fully 
asynchronous nature of handlers implies that even the 
non-optimal trick described above is insufficient for 
achieving handler atomicity under GASNet. Therefore, 
GASNet core provides two (related) mechanisms to make 
handlers safe and provide atomicity when required: No-
Interrupt Sections ensure signal safety of handler code for 
GASNet implementations using interrupt-based 
mechanisms, and a Handler-Safe Locks allow atomic 
updates from handlers to data structures shared with the 
client threads and other handlers. 

3.1 The problem 
Figure 3 illustrates one of the basic problems of why it 
can be unsafe for handlers to block for lock acquisition. 
With interrupt-based handler dispatch, there’s nothing to 
prevent such a handler from running in the context of a 
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thread that was interrupted while holding the same lock. 
This situation would cause system deadlock because the 
handler will block forever waiting for the outer critical 
section to release the lock, but this cannot happen because 
the handler interrupt is preventing that critical section 
from making progress. A similar problem arises under 
polling-based handler dispatch if the application thread 
attempts to poll or send messages (which implies polling) 
from within a critical section – under this scenario, the 
handler runs synchronously with respect to the 
application thread, but the potential for deadlock remains. 

A different, but closely related problem occurs with 
library calls in the presence of interrupt-based handler 
dispatch, where handlers may interrupt a call to a non-
reentrant library function from the main application 
thread. If the handler then attempts to call the same 
library function, the internal library data structures are 
likely to become corrupted. This problem is analogous to 
the problem of calling library functions from within 
UNIX signal handlers (in fact, interrupt-based GASNet 
cores are likely to use signals to interrupt the main 
computation and run handlers). Note that even most 
"thread-safe" libraries are unlikely to also be reentrant, 
and will break or deadlock if called from a handler 
interrupt by the same thread currently executing a 
different call to that library in an earlier stack frame. One 
specific case where this is likely to arise in practice is 
calls to malloc()/free(), which may be used by handlers to 
perform more sophisticated, multi-message data transfer 
operations (such as scatter-gather).  

3.2 No-Inter rupt Sections 
To overcome the problem of interrupts during non-
reentrant library calls, and permit our handlers to be more 
useful, the GASNet core allows the client to temporarily 
disable interrupt-based handler execution on a specific 
thread. All calls to non-reentrant functions that could 
possibly access state shared by functions also called from 

handlers must be called within a GASNet "No-Interrupt 
Section":  

  gasnet _hol d_i nt er r upt s( ) ;  
some_nonr eent r ant _l i br ar y_cal l ( …) ;  

  gasnet _r esume_i nt er r upt s( ) ;  
GASNet guarantees that no handlers will run 
asynchronously on the current thread within the No-
Interrupt Section. The no-interrupt state is a per-thread 
setting, and GASNet may continue running handlers 
synchronously or asynchronously on other client threads 
or private GASNet threads. Specifically, a No-Interrupt 
Section does not guarantee atomicity with respect to 
handler code, it merely provides a way to ensure that 
handlers won't run on a given thread from inside a call to 
a non-signal-safe library. This is a change from other 
systems (such as von Eicken’s original AM-1 
implementation [28] and Alewife’s two-case delivery 
system [16]) that completely disable all hardware network 
interrupts to achieve atomicity – GASNet relaxes this 
restriction to support more concurrency on SMP nodes 
where we may safely continue taking interrupts and 
running handlers on other threads. 

The GASNet core implementation guarantees the client 
that handlers will not run asynchronously within a No-
Interrupt Section, but it is the client’s responsibility to 
never call GASNet functions within the section that could 
cause handlers to execute synchronously2. No-interrupt 
sections also have the potential to reduce node 
responsiveness to the network, so there is a set of 
conventions restricting client code behavior within a No-
Interrupt Section: 

• Code in a No-Interrupt Section must not call any 
GASNet functions that may send requests or 
synchronously run handlers 

• hold/resume should not be called from within a 
handler context - handlers are run within an implicit 
No-Interrupt Section 

• Code in a No-Interrupt Section must never block or 
spin-wait for an unbounded amount of time, 
especially when awaiting a result produced by a 
handler (could cause deadlock) 

• No-Interrupt Sections should only be held "briefly" to 
avoid starving the network (could cause performance 
degradation, but should not affect correctness). Very 
long No-Interrupt Sections could cause some GASNet 

                                                 
2  This is not actually a problem for reentrancy safety, but it is an 
issue for Handler-Safe Locks, described in the next section. 
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implementations employing timeout-based 
mechanisms to fail (e.g. remote nodes may decide this 
node is dead and abort the job). 

• No-Interrupt Sections may not be nested (for 
implementation convenience and efficiency) 

GASNet core implementations that never use interrupts to 
run handlers can implement hold/resume as no-ops – this 
is good because the application threads may be calling 
hold/resume operations with some frequency and 
therefore they should be optimized for low overhead. 
Cores that use interrupt-based dispatch only need to 
ensure that handlers never run on a thread that is in the 
interrupts-disabled state – one naïve way to implement 
this is to disable all hardware interrupts while any thread 
has interrupts disabled, but this requires some 
coordination between threads and there may be non-
trivial overheads associated with disabling/enabling 
interrupts on the NIC (for example, each transition may 
involve a kernel call and/or a system bus transaction).  

A more clever way to implement interrupt hold/resume 
for cores with interrupt-based handler dispatch is to use a 
multi-threaded extension of von Eicken’s interrupt 
handshake [29] – basically, the core keeps two bits of 
state in memory for each application thread: an 
interruptsDisabled bit and a messageArrived bit. The hold 
operation merely clears the messageArrived bit and sets 
the interruptsDisabled bit (can be done with a single 
memory write to a location which is likely to be cached). 
The interrupt handler always checks the 
interruptsDisabled bit for the current thread before 
running handlers, and if it happens to be set it merely sets 
the messageArrived bit (to indicate a missed interrupt) 
and exits. The resume operation clears the 
interruptsDisabled bit, and if the messageArrived bit 
indicates an interrupt was missed it synchronously polls 
the network to service any number of waiting messages. 
This allows us to temporarily defer incoming messages 
during the No-Interrupt Section.  

Because the No-Interrupt Section is meant to be very 
short in real-time, the expected common case is that no 
message interrupts will arrive during that interval - 
however even if they do, the messages won’ t be deferred 
for very long (i.e. no longer than until the end of the No-
Interrupt Section). On many implementations (where the 
NIC is a dedicated application resource) it may be 
perfectly acceptable to leave the messages in the 

incoming hardware FIFO queue during this interval3. 
Also note that nothing prevents other threads in a multi-
threaded client or core implementation from 
synchronously servicing the messages that caused the 
interrupt – this is good because other threads which are 
spin-waiting for a network result won’ t have their 
observed latency affected by the fact that a different 
thread may be inside a No-Interrupt Section. 

3.3 Handler-Safe Locks 
In order to support handlers that need to atomically 
update data structures accessed by the main-line client 
code and other handlers, the GASNet core provides the 
Handler-Safe Lock (HSL) mechanism. As the name 
implies, these are a special kind of lock, which are 
distinguished as being the only type of lock that may be 
safely acquired from within a handler context. All lock-
protected data structures in the client that need to be 
accessed by handlers should be protected using an HSL 
(i.e. instead of a standard system lock). The interface to 
HSL’s is similar to the POSIX mutex interface – HSL’s 
can be allocated statically or dynamically, and there are 
lock() and unlock() functions (although no trylock()). 

Similar to No-Interrupt Sections, there is a set of coding 
conventions that restrict the usage of HSL’s, which 
allows them to be deadlock-free when acquired from 
handlers. The basic idea is that we enforce a No-Interrupt 
Section over any thread holding at least one HSL (to 
prevent the execution of synchronous or asynchronous 
handlers that may try to acquire the same HSL, leading to 
deadlock as illustrated in figure 3), and we require that 
HSL’s always be held for a “bounded”  amount of time, so 
that handlers which are blocking to acquire an HSL 
currently held by a different thread are guaranteed to only 
block for bounded amount of time:  

• Code executing on a thread holding an HSL is 
implicitly within a No-Interrupt Section, and must 
follow all the restrictions on code within a No-
Interrupt Section (see above). hold/resume must not 
be explicitly called while holding an HSL 

• Any handler which locks one or more HSL's must 
unlock them all before exiting or sending a reply 

The next two restrictions are not necessary for safety, but 
are added to help maximize efficiency of the 
implementation: 
                                                 
3 Systems where the network must be continually serviced to ensure 
system progress (e.g. where the same network carries cache 
coherency messages) may require temporarily buffering user 
messages during this interval. 
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• HSL's may not be locked recursively, although it is 
permitted for a thread to acquire more than one HSL4. 

• HSL's must be unlocked in the reverse order they 
were locked (e.g. lock A; lock B; ... unlock B; unlock 
A; is legal - reversing the order of unlocks is 
erroneous) 

Handler-Safe Locks safely provide explicit atomicity 
control to AM handlers, even in the presence of interrupt-
based and/or multi-threaded concurrent handler servicing 
policies. Most importantly, they don’ t over-synchronize 
AM handlers and only provide the necessary level of 
atomicity (which is good because most critical path AM 
handler probably do not need atomicity). Finally, the 
opaque HSL’s can be implemented very efficiently using 
a simple system lock and a small amount of additional 
state (the exact state information required is based on the 
specific policies of the given core implementation).  

The safety of HSL’s really comes from the set of 
restrictions governing their usage. We only expect 
experienced language implementors to be writing AM 
handlers and using HSL’s, so it is reasonable to impose 
such usage conventions on HSL’s. However in the 
interests of assisting these implementors, our prototype 
GASNet core implementation includes a debugging mode 
that adds extra runtime checks to detect if any of the 
usage conventions on No-Interrupt Sections or HSL’s are 
violated, thereby eagerly enforcing the conditions which 
provide deadlock-freedom, rather than relying on testing 
to actually deadlock the system and then debug what 
violation led to the problem. 

4 Results 
To evaluate the effectiveness of GASNet, we 
implemented a prototype GASNet core as a wrapper 
around AMMPI [1], a portable AM 2.0 implementation 
over MPI. The prototype uses our unmodified reference 
implementation of the extended API. The portability of 
MPI (and AMMPI) means this entire GASNet 
implementation is trivially portable, and we were able to 
run performance experiments on an IBM SP system and a 
Linux-x86/Myrinet cluster (Millennium) merely by 
changing the Makefile. Because AMMPI is simply a 
translation layer between AM and MPI and not a native 
implementation of AM, we don’ t expect stellar absolute 
performance results – however, we can still examine the 
                                                 
4 However, the traditional cautions about the possibility of deadlock 
in the presence of multiple locks still apply - the common solution is 
to define a total order on locks and always acquire them in a 
monotonically ascending sequence. 

overheads imposed by using the GASNet extended API 
rather than AM. We started with this fully portable 
GASNet implementation so we could evaluate the 
GASNet interface design and have a prototype 
implementation that runs anywhere. 

4.1 Methodology 
We ran two micro-benchmarks (a “ping-pong”  test and a 
“ flood”  test) to evaluate the communication performance 
of GASNet in terms of round-trip latency time, bandwidth 
and message inverse throughput. The tests were all run 
between two nodes (an active sender and a passive 
receiver who is continually polling the network) and the 
test code is summarized in figures 4 and 5. 

In the ping-pong test, the sender sends a get or put request 
and waits until the receiver acknowledges the request and 
the operation completes. Round-trip latency is the time 
from before the initial get/put request to after the 
operation is complete. A blocking get/put operation 
naturally represents the round-trip pattern, as it returns 
control to the client only after the acknowledgement has 

 
Latency

Total
Time
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ACK
Roundtrip Latency 

= 
Total Time 

# Iterations 

 

Blocking 
Non-blocking  

with explicit handle 
Non-blocking 
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gasnet_get(…) 
gasnet_get(…) 
… 
gasnet_get(…) 

h = gasnet_get_nb(…) 
gasnet_wait_syncnb(h) 
h = gasnet_get_nb(…) 
gasnet_wait_syncnb(h) 
… 
h = gasnet_get_nb(…) 
gasnet_wait_syncnb(h) 

gasnet_get_nbi(…) 
gasnet_wait_syncnbi_all() 
gasnet_get_nbi(…) 
gasnet_wait_syncnbi_all() 
… 
gasnet_get_nbi(…) 
gasnet_wait_syncnbi_all() 

Figure 4: M essage and synchronization pattern for  
ping-pong test 
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Figure 5: M essage and synchronization pattern for  
flood test 
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been received. Non-blocking get/put operations are 
completed using an appropriate synchronization operation. 
We expect non-blocking operations performs to perform 
similarly to blocking operations in this test since they 
each entail a network round trip and the only potential 
difference is the software overhead on the sender. We test 
both variations of non-blocking operations (explicit 
handle and implicit handle) to fully explore the 
performance overheads.  

In the flood test, the sender sends a large number of 
overlapped get/put requests and synchronizes all of them 
at the end with a single synchronization operation. This 
test is useful in revealing the maximum achievable 
bandwidth of the communication system (expected to be 
best for larger messages), and the inter-message issue 
time (inverse throughput) for small messages, an 
important performance characteristic for GAS languages. 
Note that we expect the bandwidth and inverse 
throughput reported for the blocking get/put operations in 
the flood test to be poor because the blocking functions 
don’ t allow any communication/communication overlap. 

We amortized the timer overhead and granularity by 
running each communication test repeatedly (10,000 
times) in a timed loop and dividing the total time by the 
number of iterations to calculate the average time per 
operation, as shown in figures 4 and 5. 

4.2 Operations measured 
We measured the performance of various important 
GASNet extended API functions, including blocking 
transfers and non-blocking operations with explicit 
handles and implicit handles. We also measured the 
performance of AMMPI and MPI for reference since our 
prototype GASNet implementation is based on AMMPI 
(which runs over MPI). 

Experiments showed that the two variations of non-
blocking operations (explicit and implicit handle) 
performed nearly identically in all cases. The two 
variations provide different synchronization paradigms to 
the client code and are implemented somewhat differently 
in the extended API, but apparently the differences don’ t 
cause a noticeable change in performance - therefore we 
represent the two variations as a single entity in the 
following figures. 

4.3 Latency Results 
The ping-pong round-trip latency results are presented in 
table 1 and figure 6 (note the y-axis does not start at zero). 

(us) 
Blocking 

get 
Blocking 

put 

Non-
blocking 

get 

Non-
blocking 

put 
AMMPI MPI 

IBM SP 68.1 67.2 68.7 67.1 60.0 39.1 

Millennium 43.7 43.7 43.3 43.9 41.0 28.4 

Table 1: Round-tr ip Latency for  1-byte message 

The round-trip latencies for all the extended API 
operations are very similar. This was expected because 
non-blocking operations are synchronized in the same 
way as blocking operations in the ping-pong test. 

The GASNet gets and puts had a small additional 
overhead over AMMPI (around 7 us extra for the IBM SP 
and 2 us extra for the Millennium cluster). AMMPI had a 
much higher latency than MPI, and the gap between the 
two (around 21 us for the IBM SP and 13 us for the 
Millennium cluster) is due to the buffering that takes 
place in AMMPI as a direct result of the semantic 
mismatch between Active Messages and MPI.  

4.4 Bandwidth Results 
The flood bandwidth results are presented in table 2 and 
figure 7.  

(MB/sec) 
Blocking 

get 
Blocking 

put 

Non-
blocking 

get 

Non-
blocking 

put 
AMMPI MPI 

IBM SP 117.6 110.3 161.2 159.0 159.3 242.4 

Table 2: Bandwidth for  128KB messages (network depth = 8) 

For analysis purposes, we use the results from the IBM 
SP (the bandwidth results from Millennium had a large 
variance and are somewhat inexplicable). 
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The most important parameters dictating bandwidth 
performance are message size (in bytes) and network 
depth (aka queue depth - the number of outgoing 
messages that may be queued without blocking). 
Bandwidth generally increases with message size and we 
find it reaches a saturation point at around 128 KB. 
Finding the optimal network depth for a particular 
network requires some experimentation - if network depth 
is set too small, bandwidth drops quickly for large 
messages (due to a loss in 
communication/communication overlap which implies 
idle network cycles). Setting the network depth too high 
causes the bandwidth of small messages to drop due to 
increased cache miss penalties on the network buffers. 
We report results for a network depth of 8 on the IBM SP 
and 16 for Millennium. 

The bandwidth performance of the GASNet non-blocking 
operations closely matches the AMMPI bandwidth 
performance (e.g. about 160 MB/sec for 128 KB 
messages). The bandwidth graph also shows the expected 
benefits of non-blocking I/O in a flood test that allows 

communication/communication overlap (160 MB/sec vs. 
114 MB/sec for 128 KB messages). As expected, the 
bandwidth of GASNet and AMMPI are still lower than 
that of MPI (242 MB/sec). 

4.5 Inverse Throughput Results 
The inverse throughput results are presented in table 3 
and figure 8.  

 (us) 
Blocking 

get 
Blocking 

put 

Non-
blocking 

get 

Non- 
blocking 

put 

AM-
MPI 

MPI 

Inv. 
Throughput 78.5 78.6 28.8 28.9 28.9 7.6 

SP 
 

Latency 68.1 67.2 68.7 67.1 60.0 39.1 

Inv. 
Throughput 56.3 55.8 18.2 17.8 17.7 10.7 

Mill 
 

Latency 43.7 43.7 43.3 43.9 41.0 28.4 

Table 3: Inverse Throughput for  1-byte messages 

The inverse throughput results show the GASNet non-
blocking get/puts performed similarly to AMMPI but no 
better than MPI - much like the bandwidth results. These 
results confirm that non-blocking operations have higher 
bandwidth than blocking operations in a flood test 
because they can send requests (and therefore data) at a 
higher rate. The inverse throughput is an indication of 
inter-message issue time. Previous results [2] for MPI on 
these platforms show this issue time is dominated by 
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synchronous software overheads on the sender for small 
messages (rather than network gap). If we assume the 
message send overheads are similar on the replying node, 
we can subtract two inverse throughput times from the 
round-trip latency to discover that about 10 us on the SP 
and 8 us on Millennium are being spent outside the 
message send overheads. The previous results indicate 
that about half of these times are due to true, non-
overlapped hardware wire latency, and the other half is 
due to message receive overhead which is not overlapped 
with anything else. Message send overheads are therefore 
the primary limiting factor in network performance on 
these systems. Previous results on the performance of the 
native GM layer on Myrinet indicate the send and receive 
software overheads are considerably lower than under 
MPI, which is compelling evidence that a future, native 
GM-based GASNet core implementation will perform 
considerably better than our AMMPI-based GASNet 
prototype and MPI itself (work is already underway on 
such a system to verify this claim). 

4.6 Summary 
Overall, GASNet performed much as we expected - 
specifically, the bandwidth and throughput performance 
were comparable to those of the underlying AM 
implementation. The round-trip latency was a little longer 
than that of AMMPI, but we believe this can be improved 
with further tuning. As expected, the absolute 
performance was lower than MPI and this is mostly 
attributable to AMMPI. Because GASNet exhibits low 
performance overhead over the underlying AM 
implementation, we expect that native implementations of 
the GASNet AM core will lead to excellent performance 
for the GASNet extended API operations. 

5 Related Work 
The language design of UPC was influenced by three 
previous research languages: Split-C [9], PCP [4] and AC 
[5], and is akin to other global-address space languages 
such as Titanium [30,25] and Co-Array Fortran [24,7]. 

Titanium is a parallel Java dialect that also supports a 
global address space memory model similar to UPC. The 
current Titanium compiler uses an implementation 
strategy similar to the NERSC UPC compiler, where 
programs are translated to intermediate C code and then 
compiled to machine code using a vendor-provided C 
compiler. Once our initial GASNet implementations are 
complete, we plan to add a GASNet backend to Titanium 
that will allow the language to also leverage future 
implementations of GASNet on various architectures. 
One of our goals in designing the GASNet interface was 

to provide a language-independent interface to make this 
reuse possible. 

Our work on the GASNet core API was strongly 
influenced by Active Messages [17,28], and we carefully 
considered the capabilities of existing light-weight 
communication systems which are potential 
implementation targets for the GASNet API, such as 
IBM’s LAPI [12], Myricom’s GM [22] and 
Via/Infiniband [13,27]. 

MPI [20] is a well-established and standardized message-
passing communication library that shares GASNet’s 
goals of portability and high-performance in support of 
parallel programming. Unfortunately, there is a semantic 
mismatch between the one-sided get/put operations that 
are the critical primitives when implementing GAS 
languages and MPI’s two-sided matched message 
send/recv operations, and this mismatch leads to 
performance degradation when attempting to implement 
one over the other. Additionally, MPI implementations 
have traditionally been tuned for high-bandwidth 
blocking message send/recv [2], whereas GAS languages 
typically require low-latency and low-overhead non-
blocking operations. The MPI 2.0 standard [19] adds a 
“one-sided”  communication interface that attempts to 
address some of these issues, but as discussed in [3] this 
interface has several problems that make it inadequate for 
the task of implementing GAS languages. 

6 Conclusions and Future Work 
GASNet is a powerful interface that provides portable, 
high-performance communication primitives useful in 
implementing global address-space languages. The two-
level interface design allows rapid prototyping by 
implementing only the narrow GASNet core API, but 
allows further tuning through the direct implementation 
of selected operations in the extended API. Handler-Safe 
Locks provide safe (deadlock-free) explicit atomicity 
control for handlers, even with GASNet core 
implementations that run handlers using interrupts and/or 
concurrently on different threads. No-Interrupt Sections 
provide a cheap mechanism to prevent reentrancy errors 
in library functions called by handlers run by interrupt-
driven GASNet core implementations. The absolute 
performance of the AMMPI-based GASNet prototype is 
not stellar (primarily because the MPI is not a good match 
for implementing global-address space languages – there 
is a semantic mismatch between one-sided, non-blocking 
get/put accesses and two-sided message send/recv). 
However, the relative performance of the GASNet 
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operations compared to AMMPI is promising, and we 
expect that GASNet will perform very well with a native 
GASNet core written and tuned for a particular network. 

A good deal of work will take place on GASNet in the 
coming months as the NERSC UPC compiler 
development project progresses and we start expanding to 
various networks. We expect to implement GASNet 
natively on the following networks in the near future: 
IBM SP (LAPI), Myrinet (GM), Quadrics (ELAN), Cray 
T3E, Infiniband/VIA and possibly even Ethernet/UDP. 
We may also tune the AMMPI-based GASNet prototype 
implementation to achieve better performance on specific 
platforms (AMMPI has never been extensively tuned). As 
the compiler progresses, we also expect to augment the 
extended API with other useful operations, specifically 
collective communication support (e.g. broadcast, 
reduction, scan), and more sophisticated memory access 
operations (e.g. strided, scatter/gather). Finally, we plan 
to encourage other GAS languages to start using GASNet 
as a shared high-performance compilation target. If this 
effort is successful, we may even be able to convince 
high-performance network vendors to start providing 
GASNet implementations of their own, much like they 
currently do for MPI (a few vendors have already 
expressed an interest). This would help with our general 
goal of influencing network vendors to tune their 
hardware and software for low-latency, low-overhead 
communication rather than focusing primarily on peak 
bandwidth. 
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Appendix – The GASNet Specification 
GASNet  Speci f i cat i on,  Ver si on:  0. 4 
Sel ect ed por t i ons adapt ed f r om:  
  -  A.  Mai nwar i ng and D.  Cul l er ,  " Act i ve Message Appl i cat i ons Pr ogr ammi ng I nt er f ace and Communi cat i on Subsyst em 
Or gani zat i on" ,  U. C.  Ber kel ey Comput er  Sci ence Techni cal  Repor t ,  1996.  
  -  D.  Cul l er  et  al . ,  " Gener i c Act i ve Message I nt er f ace Speci f i cat i on v1. 1" ,  U. C.  Ber kel ey Comput er  Sci ence Techni cal  
Repor t ,  Feb,  1995.  
 
Thi s GASNet  speci f i cat i on descr i bes a net wor k- i ndependent  and l anguage- i ndependent  hi gh- per f or mance communi cat i on 
i nt er f ace i nt ended f or  use i n i mpl ement i ng t he r unt i me syst em f or  gl obal  addr ess space l anguages ( such as UPC or  
Ti t ani um) .  GASNet  st ands f or  " Gl obal - Addr ess Space Net wor ki ng" .  
 
The i nt er f ace i s di v i ded i nt o 2 l ayer s -  t he GASNet  cor e API  and t he GASNet  ext ended API :  
 
*  The ext ended API  i s  a r i chl y expr essi ve and f l exi bl e i nt er f ace t hat  pr ovi des medi um and hi gh- l evel  oper at i ons on 
r emot e memor y and col l ect i ve oper at i ons ( basi cal l y  anyt hi ng t hat  we coul d i magi ne bei ng i mpl ement ed usi ng har dwar e 
suppor t  on some NI C' s) .  
 
*  The cor e API  i s  a nar r ow i nt er f ace based on t he Act i ve Messages par adi gm,  whi ch i s gener al  enough t o i mpl ement  
ever yt hi ng i n t he ext ended API .   
 
The cor e API  i s  t he mi ni mum i nt er f ace t hat  must  be i mpl ement ed on each net wor k when por t i ng t o a new syst em,  and we 
pr ovi de a net wor k- i ndependent  r ef er ence i mpl ement at i on of  t he ext ended API  whi ch i s wr i t t en pur el y i n t er ms of  t he 
cor e API  t o ease por t i ng and qui ck pr ot ot ypi ng.  I mpl ement or s f or  NI C' s t hat  pr ovi de some har dwar e suppor t  f or  hi gher -
l evel  messagi ng oper at i ons ( e. g.  suppor t  f or  ser vi c i ng r emot e r eads/ wr i t es on t he NI C wi t hout  i nvol vi ng t he mai n CPU)  
ar e encour aged t o al so i mpl ement  an appr opr i at e subset  of  t he ext ended API  di r ect l y on t he net wor k of  i nt er est  
( bypassi ng t he cor e API )  t o achi eve maxi mal  per f or mance f or  t hose oper at i ons ( but  t hi s i s  an opt i mi zat i on and i s not  
r equi r ed t o have a wor ki ng syst em) .  Most  c l i ent s wi l l  use cal l s  t o t he ext ended API  f unct i ons t o i mpl ement  t he bul k of  
t hei r  communi cat i on wor k ( t her eby ensur i ng opt i mal  per f or mance acr oss pl at f or ms) .  However  t he cl i ent  i s  al so per mi t t ed 
t o use t he cor e act i ve message i nt er f ace t o i mpl ement  non- t r i v i al  l anguage- speci f i c  or  compi l er - speci f i c  communi cat i on 
oper at i ons whi ch woul d not  be appr opr i at e i n a l anguage- i ndependent  API  ( e. g.  i mpl ement i ng di st r i but ed l anguage- l evel  
l ocks,  di st r i but ed gar bage col l ect i on,  col l ect i ve memor y al l ocat i on,  et c. ) .  
 
Not e t he ext ended API  i nt er f ace i s meant  pr i mar i l y  as a l ow- l evel  compi l at i on t ar get ,  not  a l i br ar y f or  hand- wr i t t en 
code -  as such,  t he goal s of  expr essi veness and per f or mance gener al l y  t ake pr ecedence over  r eadabi l i t y  and mi ni mal i t y.   
 
Convent i ons:  
=========== 
*  Al l  GASNet  ent r y poi nt s ar e l ower - case i dent i f i er s wi t h t he pr ef i x gasnet _  
*  Al l  const ant s ar e upper - case and pr eceded wi t h t he pr ef i x GASNET_ 
*  Cl i ent s access t he GASNet  i nt er f ace by i ncl udi ng t he header  gasnet . h and l i nki ng t he appr opr i at e l i br ar y 
*  Except  wher e ot her wi se not ed,  any of  t he oper at i ons i n t he GASNet  i nt er f ace coul d be i mpl ement ed usi ng macr os or  
i nl i ne f unct i ons i n an act ual  i mpl ement at i on -  t hey ar e speci f i ed usi ng f unct i on decl ar at i on synt ax bel ow t o make t he 
t ypes cl ear ,  but  al l  cor r ect  c l i ent  code must  t ype check usi ng t he def i ni t i ons bel ow.  I n no case shoul d cl i ent  code 
assume i t  can cr eat e a " f unct i on poi nt er "  t o any of  t hese oper at i ons.  Any macr o i mpl ement at i ons wi l l  ensur e t hat  
ar gument s ar e eval uat ed exact l y once.  
*  I mpl ement at i on- speci f i c  val ues i n decl ar at i ons ar e i ndi cat ed usi ng " ???"  
*  Sect i ons mar ked " I mpl ement or ' s not e"  ar e r ecommendat i ons t o i mpl ement or s and ar e not  par t  of  t he speci f i cat i on 
 
Def i ni t i ons:  
=========== 
node -  An OS- l evel  pr ocess whi ch cal l ed gasnet _i ni t ( ) ,  and i t s  associ at ed l ocal  memor y space and syst em r esour ces.  The 
basi c uni t  of  cont r ol  when i nt er f aci ng wi t h GASNet .  
 
t hr ead -  A si ngl e t hr ead of  cont r ol  wi t hi n a GASNet  node,  whi ch possi bl y shar es a vi r t ual  memor y space and OS- l evel  
pr ocess- i d wi t h ot her  t hr eads i n t he node.  Cl i ent  whi ch may concur r ent l y cal l  GASNet  f r om mor e t han a si ngl e t hr ead 
must  compi l e t o t he mul t i - t hr eaded ver si on of  t he GASNet  l i br ar y.  Except  wher e ot her wi se not ed,  GASNet  makes no 
di st i nct i on bet ween t he t hr eads wi t hi n a mul t i - t hr eaded node,  and al l  cont r ol  f unct i ons ( e. g.  bar r i er s)  shoul d be 
execut ed by a si ngl e t hr ead on t he node on behal f  of  al l  l ocal  t hr eads.  
 
j ob -  The col l ect i on of  nodes maki ng up a par al l el  execut i on envi r onment .  Nodes of t en cor r espond t o physi cal ,  
ar chi t ect ur al  uni t s,  but  t hi s need not  be t he case ( e. g.  nodes may shar e a physi cal  CPU/ memor y/ NI C i n mul t i pr ogr ammed 
syst ems wi t h suf f i c i ent  shar abl e r esour ces -  not e t hat  some GASNet  i mpl ement at i ons may l i mi t  t he number  nodes whi ch 
can r un concur r ent l y on a si ngl e syst em based on t he number  of  physi cal  net wor k i nt er f aces)  
 
Conf i gur at i on of  gasnet :  
======================= 
Cl i ent  code must  #def i ne exact l y one of  GASNET_PAR,  GASNET_PARSYNC or  GASNET_SEQ when compi l i ng t he GASNet  l i br ar y and 
t he cl i ent  code ( bef or e i ncl udi ng <gasnet . h>)  t o i ndi cat e t he t hr eadi ng envi r onment .   
 
GASNET_PAR -  The most  gener al  conf i gur at i on.  I ndi cat es a f ul l y  mul t i - t hr eaded and t hr ead- saf e envi r onment  -  t he cl i ent  
may cal l  GASNet  concur r ent l y f r om mor e t han one t hr ead.  The exact  t hr eadi ng syst em i n use i s syst em- speci f i c,  al t hough 
f or  obvi ous r easons bot h GASNet  and t he cl i ent  code must  agr ee on t he t hr eadi ng syst em -  unl ess ot her wi se not ed,  t he 
def aul t  mechani sm i s POSI X t hr eads.  
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GASNET_PARSYNC -  I ndi cat es a mul t i - t hr eaded but  non- concur r ent  ( non- t hr eadsaf e)  GASNet  envi r onment ,  wher e mul t i pl e 
c l i ent  t hr eads may cal l  GASNet ,  but  t hei r  accesses t o GASNet  ar e f ul l y  ser i al i zed ( e. g.  by some l evel  of  
synchr oni zat i on above t he GASNet  i nt er f ace) .  GASNet  may saf el y assume t hat  i t  wi l l  never  be cal l ed f r om mor e t han one 
cl i ent  t hr ead _concur r ent l y_ ( and t he cl i ent  must  ensur e t hi s pr oper t y hol ds) .  Cl i ent  code must  st i l l  use GASNet  no-
i nt er r upt  sect i ons and handl er - saf e l ocks t o ensur e cor r ect  oper at i on.  
 
GASNET_SEQ -  I ndi cat es a si ngl e- t hr eaded,  non- t hr eadsaf e envi r onment .  GASNet  may saf el y assume t hat  i t  wi l l  onl y ever  
be cal l ed f r om one uni que cl i ent  t hr ead.  Cl i ent  code must  st i l l  use GASNet  no- i nt er r upt  sect i ons and handl er - saf e 
l ocks t o ensur e cor r ect  oper at i on.  
 
* * *  We may be abl e t o make GASNet  i mpl ement at i ons i ndependent  of  t he t hr eadi ng syst em by havi ng t he cl i ent  pr ovi de a 
f ew cal l back f unct i ons ( e. g.  mut ex cr eat e/ l ock/ unl ock,  t hr ead cr eat e,  t hr eadi d quer y and t hr ead- l ocal - dat a set / get )  
 
I mpl ement or s not e:   
*  change t he name of  gasnet _i ni t  based on whi ch mode i s sel ect ed t o ensur e cor r ect  ver si on i s l i nked 
*  An i mpl ement at i on of  GASNET_PAR i s suf f i c i ent  t o handl e al l  t he conf i gur at i ons -  t he ot her  conf i gur at i ons j ust  
per mi t  cer t ai n usef ul  opt i mi zat i ons ( such as r emovi ng unnecessar y l ocki ng i n t he l i br ar y)  
*  I nt er r upt - dr i ven i mpl ement at i ons of  GASNET_SEQ and GASNET_PARSYNC usi ng si gnal s must  be pr epar ed t o handl e t he case 
wher e t he t hr ead r espondi ng t o t he si gnal  may not  be t he t hr ead cur r ent l y i nsi de a GASNet  cal l .  They may al so need t o 
use a pr i vat e l ock dur i ng HSL r el ease t o pr event  mul t i pl e t hr eads f r om pol l i ng si mul t aneousl y 
 
Er r or s:  
======= 
Many GASNet  cor e f unct i ons r et ur n 0 on success ( GASNET_OK) ,  or  el se t hey r et ur n er r or s f r om t he f ol l owi ng l i st ,  as 
speci f i ed by each ent r y poi nt :  
GASNET_OK = 0 no er r or  
GASNET_ERR_RESOURCE_FAI LURE 
GASNET_ERR_BAD_ARG 
GASNET_ERR_NOT_I NI T 
GASNET_ERR_BARRI ER_MI SMATCH 
GASNET_ERR_NOT_READY 
 
Except  wher e ot her wi se not ed,  er r or s t hat  occur  dur i ng a cal l  t o t he ext ended API  ar e f at al .  
 
Many of  t he cor e API  ent r y poi nt s wi l l  r et ur n GASNET_ERR_RESOURCE_FAI LURE t o i ndi cat e a gener i c f ai l ur e i n t he 
har dwar e or  communi cat i ons syst em,  GASNET_ERR_BAD_ARG t o i ndi cat e an i l l egal  c l i ent  ar gument ,  or  GASNET_ERR_NOT_I NI T 
t o i ndi cat e t hat  gasnet _i ni t ( )  has not  been cal l ed.  
 
I f  any node of  a GASNet  j ob cr ashes,  abor t s,  or  suf f er s a f at al  har dwar e er r or ,  GASNet  shoul d make ever y at t empt  t o 
ensur e t hat  t he r emai ni ng nodes of  t he j ob ar e t er mi nat ed i n a t i mel y manner  t o pr event  cr eat i on of  or phaned 
pr ocesses.   
 
GASNet  Types:  
============= 
gasnet _node_t  -  unsi gned i nt eger  t ype r epr esent i ng a uni que 0- based node i ndex 
gasnet _handl e_t  -  an opaque t ype r epr esent i ng a non- bl ocki ng oper at i on i n- pr ogr ess i ni t i at ed usi ng t he ext ended API  
gasnet _handl er _t  -  an unsi gned i nt eger  t ype r epr esent i ng an i ndex i nt o t he cor e API  AM handl er  t abl e 
gasnet _handl er ar g_t  -  a 32- bi t  s i gned i nt eger  t ype whi ch i s used t o expr ess t he user - pr ovi ded ar gument s t o al l  AM 
handl er s.  Pl at f or ms l acki ng a nat i ve 32- bi t  t ype may def i ne t hi s t o a 64- bi t  t ype,  but  onl y t he l ower  32- bi t s ar e 
t r ansmi t t ed dur i ng an AM message send ( and si gn- ext ended on t he r ecei ver ) .  
gasnet _t oken_t  -  an opaque t ype passed t o cor e API  handl er s whi ch may be used t o quer y message i nf or mat i on  
gasnet _r egi st er _t  -  t he l ar gest  unsi gned i nt eger  t ype t hat  can f i t  ent i r el y i n a s i ngl e CPU r egi st er  f or  t he cur r ent  
ar chi t ect ur e and ABI .  SI ZEOF_GASNET_REGI STER_T i s a pr epr ocess- t i me l i t er al  i nt eger  const ant  ( i . e.  not  
" s i zeof ( ) " ) i ndi cat i ng t he si ze of  t hi s t ype i n byt es 
gasnet _handl er ent r y_t  -  st r uct  t ype used t o negot i at e handl er  r egi st r at i on i n gasnet _i ni t ( )  
 
Compi l e- t i me const ant s 
======================= 
GASNET_VERSI ON 
an i nt eger  r epr esent i ng t he maj or  ver si on of  t he GASNet  spec t o whi ch t hi s i mpl ement at i on compl i es.  I mpl ement at i ons of  
t hi s ver si on of  t he speci f i cat i on shoul d set  t hi s val ue t o t he i nt eger  1 
 
GASNET_MAXNODES 
an i nt eger  r epr esent i ng t he maxi mum number  of  nodes suppor t ed i n a s i ngl e GASNet  j ob 
 
GASNET_ALI GNED_SEGMENTS 
def i ned t o be 1 i f  gasnet _i ni t ( )  guar ant ees t hat  t he r emot e- access memor y segment  wi l l  be al i gned at  t he same vi r t ual  
addr ess on al l  nodes.  def i ned t o 0 ot her wi se 
 
Gener al  not es:  
============== 
*  Al l  GASNet  f unct i ons ( i n t he ext ended _and_ cor e API )  suppor t  l oopback ( i . e.  a node sendi ng a get  or  act i ve message 
t o i t sel f ) ,  and al l  f unct i ons wi l l  st i l l  wor k i n t he case of  s i ngl e- node j obs ( e. g.  bar r i er s ar e basi cal l y  no- ops i n 
t hat  case)  
*  GASNet  wi l l  ensur e t hat  st dout / st der r  ar e cor r ect l y pr opagat ed i n a syst em- speci f i c  way ( e. g.  t o t he spawni ng 
consol e or  possi bl y t o a f i l e or  set  of  f i l es) .  No guar ant ees ar e made about  pr opagat i on of  st di n,  al t hough some 
i mpl ement at i ons may choose t o deal  wi t h t hi s.  
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*  GASNet  makes no guar ant ees about  t he pr opagat i on of  ext er nal  s i gnal s acr oss a j ob -  however ,  see comment s i n 
gasnet _exi t  
 
=========================================================================== 
                        ===== Cor e API  ====== 
=========================================================================== 
 
The cor e API  consi st s of :  
*  A j ob cont r ol  i nt er f ace f or  boot st r appi ng,  j ob t er mi nat i on and j ob envi r onment  quer i es 
*  The act i ve messagi ng i nt er f ace f or  i mpl ement i ng r equest s,  r epl i es and handl er s 
*  An i nt er f ace whi ch pr ovi des handl er  s i gnal - saf et y and at omi ci t y cont r ol  ( no- i nt er r upt  sect i ons and handl er - saf e 
l ocks)   
 
Job Cont r ol  I nt er f ace 
===================== 
 
t ypedef  st r uct  {  
  gasnet _handl er _t  i ndex;  / /  == 0 f or  don' t  car e  
  voi d ( * f npt r ) ( ) ;  
}  gasnet _handl er ent r y_t ;   
 
#def i ne GASNET_SEGBASE_ANY ( ( voi d * ) - 1)  
#def i ne GASNET_SEGSI ZE_EVERYTHI NG ( ( ui nt pt r _t ) - 1)  
 
i nt  gasnet _i ni t ( i nt  * ar gc,  char  * * * ar gv,   
                gasnet _handl er ent r y_t  * t abl e,  i nt  nument r i es,   
                voi d * segbase,  ui nt pt r _t  segsi ze,  
  i nt  al l owFaul t s)  
 
Cal l ed by al l  gasnet - based appl i cat i ons upon st ar t up bef or e any ot her  pr ocessi ng of  t he command- l i ne ar gument s t akes 
pl ace.  Must  be cal l ed bef or e any cal l s  t o any ot her  ent r y poi nt s i n t hi s speci f i cat i on,  and bef or e any i nvest i gat i on 
of  t he command- l i ne par amet er s passed t o t he pr ogr am i n ar gc/ ar gv,  whi ch may be modi f i ed or  augment ed by t hi s cal l .   
I ni t i al i zes t he GASNet  syst em and per f or ms any syst em- speci f i c  set up r equi r ed,  whi ch may i ncl ude spawni ng of  par al l el  
j obs.  The semant i cs of  any code execut i ng bef or e t he cal l  t o gasnet _i ni t ( )  i s  i mpl ement at i on- def i ned ( f or  exampl e,  i t  
i s  undef i ned whet her  st di n/ st dout / st der r  ar e f unct i onal ,  or  even how many nodes wi l l  r un t hat  code) .  
Thi s cal l  may f ai l  wi t h a f at al  er r or  and i mpl ement at i on- def i ned message i f  t he nodes of  t he j ob cannot  be 
successf ul l y  boot st r apped.  I t  al so may r et ur n an er r or  code such as GASNET_ERR_RESOURCE_FAI LURE t o i ndi cat e t her e was 
a pr obl em acqui r i ng t he l ocal  r equest ed net wor k or  syst em r esour ces.  Ot her wi se,  i t  r et ur ns GASNET_OK t o i ndi cat e 
success.  A successf ul  cal l  act s as a gl obal  bar r i er  and bl ocks unt i l  al l  ot her  nodes whi ch ar e par t  of  t hi s par al l el  
j ob have successf ul l y  cal l ed gasnet _i ni t ( ) .  
May onl y be cal l ed once dur i ng a pr ocess l i f et i me,  subsequent  cal l s  wi l l  r et ur n an er r or .  
Thi s cal l  may r egi st er  some UNI X si gnal  handl er s ( e. g.  t o suppor t  i nt er r upt - based i mpl ement at i ons or  aggr essi ve 
segment  r egi st r at i on pol i c i es) .  Cl i ent  code whi ch r egi st er s s i gnal  handl er s must  be car ef ul  not  t o pr eempt  any GASNet -
r egi st er ed si gnal  handl er s ( even f or  seemi ngl y f at al  s i gnal s such as SI GABRT)  -  t he onl y s i gnal  whi ch t he cl i ent  may 
al ways saf el y cat ch i s SI GQUI T.  
 
The handl er  t abl e i nput  ( of  s i ze nument r i es)  i s  used f or  r egi st er i ng act i ve- message handl er s pr ovi ded by t he cl i ent  
code.  Cl i ent s t hat  never  expl i c i t l y  cal l  t he act i ve- message r equest  f unct i ons i n t he cor e API  need not  r egi st er  any 
handl er s,  and may pass a NULL poi nt er  f or  t abl e.  Cl i ent s wi shi ng t o r egi st er  some handl er s shoul d f i l l  i n t he t abl e 
wi t h f unct i on poi nt er s and t he desi r ed handl er  i ndex ( or  i ndex 0 f or  " don' t - car e" )  -  not e t hat  handl er s 0. . 199 ar e 
r eser ved f or  GASNet  i nt er nal  use,  and handl er s 200. . 255 ar e avai l abl e f or  c l i ent - pr ovi ded handl er s.  Once gasnet _i ni t ( )  
r et ur ns,  any " don' t  car e"  handl er  i ndexes i n t he t abl e wi l l  be modi f i ed i n pl ace t o r ef l ect  t he handl er  i ndex assi gned 
f or  each handl er  -  t he assi gnment  al gor i t hm i s det er mi ni st i c:  passi ng t he same handl er  t abl e on each node wi l l  
guar ant ee an i dent i cal  r esul t i ng assi gnment  on each node.  Handl er  f unct i on pr ot ot ypes shoul d mat ch t he pr ot ot ypes 
descr i bed i n t he Act i ve Message I nt er f ace sect i on.  
 
segbase and segsi ze ar e used t o communi cat e t he si ze and ( opt i onal l y)  t he desi r ed l ocat i on of  t he shar ed memor y dat a 
segment  f or  t he l ocal  node t hat  wi l l  be used f or  al l  r emot e accesses ( i . e.  usi ng t he dat a t r ansf er  f unct i ons of  t he 
ext ended API )  or  as t he t ar get  of  any l ar ge- si zed act i ve- messages i n t he cor e API .  The cl i ent  passes t he desi r ed si ze 
of  t hi s ar ea i n byt es as segsi ze ( whi ch must  be a mul t i pl e of  t he syst em page si ze) .  The cl i ent  may pr ovi de a " hi nt "  
f or  t he desi r ed l ocat i on of  t he segment  by passi ng a poi nt er  i n segbase t o a page- al i gned addr ess t hat  poi nt s t o a 
r egi on of  pages of  t he appr opr i at e si ze ( i f  no " hi nt "  i s  t o be pr ovi ded,  t he cl i ent  shoul d pass segbase == 
GASNET_SEGBASE_ANY) .  GASNet  i s  f r ee t o i gnor e t he val ue of  t he hi nt  and choose a di f f er ent  segment  base addr ess.  The 
r esul t i ng segment  assi gnment  i s  guar ant eed t o be al i gned on a syst em page boundar y,  and t he val ues f or  al l  nodes can 
be quer i ed usi ng gasnet _get Segment I nf o( ) .  
 
The si ze of  t he segment  i s  onl y l i mi t ed by t he si ze of  t he vi r t ual  memor y,  however  some GASNet  i mpl ement at i ons wi l l  
per f or m bet t er  when t he si ze i s l ess t han some i mpl ement at i on- speci f i c  s i ze.  Thi s i mpl ement at i on- speci f i c  s i ze may be 
quer i ed usi ng gasnet _get MaxNat i veSegment Si ze( ) .   
 
I f  no hi nt  i s  pr ovi ded,  GASNet  wi l l  at t empt  t o pl ace t he dat a segment  i n an ar ea of  t he vi r t ual  memor y space whose 
pages ar e cur r ent l y unused ( e. g.  by cal l i ng sbr k) ,  and t he f unct i on may f ai l  i f  i nsuf f i c i ent  f r ee _vi r t ual _ pages can 
be acqui r ed t o accomodat e t he si ze r equest .  I f  a hi nt  i s  pr ovi ded ( and GASNet  accept s t he hi nt )  t hen i t  i s  undef i ned 
whet her  t he f or mer  cont ent s of  t hat  memor y ( i f  any)  ar e pr eser ved.  Cl i ent s who wi sh t o map t he ent i r e v i r t ual  addr ess 
space ( i ncl udi ng pages cur r ent l y i n use)  shoul d set  t he hi nt  t o zer o and si ze t o GASNET_SEGSI ZE_EVERYTHI NG ( and t hi s 
i s  guar ant eed t o succeed,  al t hough i t  may pr ovi de subopt i mal  per f or mance on some i mpl ement at i ons) .   
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I f  t he i mpl ement at i on def i nes t he macr o GASNET_ALI GNED_SEGMENTS t o 1,  t hen gasnet _i ni t ( )  guar ant ees t hat  t he r emot e-
access memor y segment  wi l l  be al i gned at  t he same vi r t ual  addr ess and have t he same si ze on al l  nodes ( and wi l l  f ai l  
i f  i t  cannot  pr ovi de t hi s,  f or  exampl e i f  di f f er ent  nodes r equest  di f f er ent  s i zes) .  Ot her wi se,  t hi s guar ant ee i s not  
pr ovi ded ( al t hough passi ng al i gned " hi nt s"  _may_ st i l l  achi eve t he same ef f ect ) .   
 
GASNet  wi l l  not  i ni t i al i ze dat a wi t hi n t he memor y segment  i n any way,  nor  wi l l  i t  at t empt  t o access t he memor y 
l ocat i ons wi t hi n t he segment  unt i l  di r ect ed t o do so by a dat a t r ansf er  f unct i on or  l ar ge act i ve message.   
 
I f  al l owFaul t s i s  zer o,  t hen GASNet  guar ant ees t hat  dat a t r ansf er  f unct i ons,  l ar ge act i ve messages and l ocal  accesses 
r ef er enci ng t hese memor y l ocat i ons wi l l  succeed,  even bef or e any l ocal  act i v i t y t akes pl ace on t hose pages ( i . e.  i n an 
i mpl ement at i on per f or mi ng l azy r egi st r at i on,  f i r st  t ouch = al l ocat e) .  When al l owFaul t s i s  non- zer o,  t hen such accesses 
t o pages wher e t he cl i ent  has not  t aken syst em- speci f i c  act i ons t o pr oper l y r egi st er  t he pages wi t h t he oper at i ng 
syst em _may_ cause a segment at i on f aul t  on some syst ems and/ or  i mpl ement at i ons ( t hi s i s  most  hel pf ul  when t he segment  
s i ze i s GASNET_SEGSI ZE_EVERYTHI NG,  cor r espondi ng t o t he ent i r e v i r t ual  addr ess space) .  
 
I mpl ement or ' s not es:  
When al l owFaul t s==0,  GASNet  must  t ake st eps t o ensur e t he pages i n t he segment  have been pr oper l y r egi st er ed f or  
r emot e access i n a syst em- speci f i c  and i mpl ement at i on- speci f i c  way ( e. g.  mmappi ng t hem so t hey get  added t o t he 
pr ocess page t abl e,  pi nni ng t he pages,  r egi st er i ng t he physi cal  addr ess wi t h t he NI C,  et c. ) .  I mpl ement at i ons ar e 
encour aged t o def er  consumi ng physi cal  memor y or  swap space r esour ces f or  pages i n t he segment  unt i l  t he f i r st  act ual  
r ef er ence t o t hem.   
Because t he segment  s i ze i s l i mi t ed onl y by t he vi r t ual  memor y si ze,  ever y i mpl ement at i on t hat  pi ns pages needs a 
st r at egy f or  handl i ng r emot e accesses when t he segment  s i ze exceeds t he amount  of  pi nnabl e pages -  e. g.  some 
i mpl ement at i ons may dynami cal l y pi n pages,  ot her s may pi n onl y a por t i on of  t he segment  and use an ext r a copy t o 
handl e access t o dat a out si de t he pi nned r egi on.  
Some GASNet  i mpl ement at i ons may need t o al l ocat e and pi n addi t i onal  memor y f or  t hei r  own i nt er nal  use i n messagi ng 
( e. g.  send buf f er s) ,  but  such memor y shoul d not  f al l  wi t hi n t he cl i ent ' s  dat a segment  when al l owFaul t s==0 ( al t hough i t  
may be adj acent  t o i t ) .  
Some GASNet  i mpl ement at i ons may al so choose t o pi n ot her  pages t o opt i mi ze access and r emove ext r a copi es -  f or  
exampl e,  pi nni ng t he pr ogr am st ack may be advi sabl e on some syst ems si nce a l ar ge number  of  t he dat a t r ansf er  
f unct i ons i n t he ext ended API  ar e l i kel y t o use st ack l ocat i ons as t he l ocal  sour ce/ dest i nat i on.  
I mpl ement at i ons whi ch set  GASNET_ALI GNED_SEGMENTS=1 and choose t o accept  t he cl i ent  " hi nt "  need t o check t he hi nt  
poi nt er s ar e al i gned acr oss pr ocessor s and ot her wi se i gnor e some hi nt s ( may not  be appl i cabl e t o i mpl ement at i ons whi ch 
ar r ange t o onl y r un gasnet _i ni t  f r om a si ngl e node) .  
 
ui nt pt r _t  gasnet _get MaxNat i veSegment Si ze( )  
 
Ret r i eve t he maxi mum memor y segment  s i ze t hat  may be pr ovi ded t o gasnet _i ni t ( )  whi ch i s st i l l  l i kel y t o pr ovi de t he 
hi ghest  l evel  of  per f or mance f or  t he ext ended API  dat a t r ansf er s and l ar ge r equest / r epl y act i ve messages.  
I mpl ement at i ons wi t h no maxi mum si ze ( i . e.  wher e per f or mance i s unaf f ect ed by segment  s i ze)  shoul d r et ur n 
GASNET_SEGSI ZE_EVERYTHI NG.  The r et ur n val ue of  t hi s f unct i on may depend on cur r ent  syst em r esour ce usage,  but  shoul d 
r et ur n t he same val ue f or  al l  nodes i n a gi ven j ob f or  t he l i f e of  t hat  j ob.  The val ue r et ur ned i s onl y a per f or mance 
hi nt  ( whi ch may be wr ong)  -  t he segment  s i ze sel ect ed by t he cl i ent  shoul d never  af f ect  t he cor r ect ness of  t he 
communi cat i on syst em.  
 
Thi s i s  t he onl y f unct i on i n t he GASNet  API  whi ch may be l egal l y cal l ed bef or e gasnet _i ni t ( )  
 
voi d gasnet _exi t ( i nt  exi t code)  
 
Ter mi nat e t he cur r ent  GASNet  j ob and r et ur n t he gi ven exi t code t o t he consol e whi ch i nvoked t he j ob ( i n a syst em-
speci f i c  way) .  Thi s cal l  i s  _not _ a col l ect i ve oper at i on,  meani ng any node may cal l  i t  at  any t i me af t er  
i ni t i al i zat i on.  I t  causes t he syst em t o f l ush al l  I / O,  r el ease al l  r esour ces and t er mi nat e t he j ob f or  al l  act i ve 
nodes.  I f  sever al  nodes cal l  i t  s i mul t aneousl y wi t h di f f er ent  exi t  codes,  t he r esul t  wi l l  be one of  t he pr ovi ded exi t  
codes ( chosen ar bi t r ar i l y) .  Thi s f unct i on shoul d be cal l ed at  t he end of  mai n( )  af t er  a bar r i er  t o ensur e pr oper  
syst em exi t ,  and shoul d al so be cal l ed i n t he event  of  any f at al  er r or s.  GASNet  c l i ent s ar e encour aged t o cal l  
gasnet _exi t ( )  bef or e expl i c i t l y  exi t i ng ( by cal l i ng exi t ( ) ,  abor t ( ) )  t o r educe t he possi bi l i t y  and l i f et i me of  
or phaned nodes,  but  t hi s i s  not  r equi r ed.  I f  mor e t han one t hr ead cal l s  gasnet _exi t ( )  wi t hi n a gi ven synchr oni zat i on 
phase wi t h di f f er ent  exi t code val ues,  t he val ue r et ur ned t o t he consol e wi l l  be one of  t he pr ovi ded exi t  codes ( chosen 
ar bi t r ar i l y) .   
 
GASNet  wi l l  send a SI GQUI T si gnal  t o t he node i f  i t  det ect s t hat  a r emot e node has cal l ed gasnet _exi t  or  cr ashed ( i n 
whi ch case t he node shoul d cat ch t he si gnal ,  per f or m any syst em- speci f i c  shut down,  t hen cal l  gasnet _exi t ( )  t o end t he 
l ocal  node pr ocess) .  GASNet  wi l l  al so send a SI GQUI T si gnal  i f  i t  det ect s t hat  t he j ob has r ecei ved a di f f er ent  
cat chabl e t er mi nat e- t he- pr ogr am si gnal s ( e. g.  segment at i on f aul t )  s i nce some of  t hese ot her  s i gnal s may be meani ngf ul  
( and non- f at al )  t o cer t ai n GASNet  i mpl ement at i ons.  
 
Job Envi r onment  Quer i es 
======================= 
 
gasnet _node_t  gasnet _mynode( ) ;   
  
r et ur ns t he uni que,  0- based node i ndex r epr esent i ng t hi s node i n t he cur r ent  GASNet  j ob 
 
gasnet _node_t  gasnet _nodes( ) ;    
 
r et ur ns t he number  of  nodes i n t he cur r ent  GASNet  j ob 
 
t ypedef  st r uct  {  
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  voi d * addr ;  
  ui nt pt r _t  s i ze;  
}  gasnet _segi nf o_t ;  
 
i nt  gasnet _get Segment I nf o( gasnet _segi nf o_t  * segi nf o_t abl e,  i nt  nument r i es) ;  
 
Quer y t he segment  base addr esses and si zes f or  al l  t he nodes i n t he j ob.   
segi nf o_t abl e i s  an ar r ay of  gasnet _segi nf o_t  ( and nument r i es i s  t he number  of  ent r i es i n t he t abl e) .  The val ue of  
nument r i es shoul d be at  l east  gasnet _nodes( ) .  
GASNet  f i l l s  i n t he t abl e wi t h t he r egi st er ed segment  base addr esses and si zes f or  each node ( i ncl udi ng t he l ocal  
one) .  
Thi s i s  a non- col l ect i ve oper at i on.  
Ret ur ns GASNET_OK on success.  
 
char  * gasnet _get env( const  char  * name) ;  
 
has t he same semant i cs as t he POSI X get env( )  cal l ,  except  i t  quer i es t he syst em- speci f i c  envi r onment  whi ch was used t o 
spawn t he j ob ( e. g.  t he envi r onment  of  t he spawni ng consol e) .  Cal l i ng POSI X get env( )  di r ect l y on some i mpl ement at i ons 
may not  cor r ect l y r et ur n val ues r ef l ect i ng t he envi r onment  t hat  i ni t i at ed t he j ob spawn.  The semant i cs of  POSI X 
set env( )  ar e undef i ned i n GASNet  j obs ( speci f i cal l y,  i t  wi l l  pr obabl y f ai l  t o pr opagat e changes acr oss nodes) .   
 
Cor e API  Act i ve Messagi ng Funct i ons -  di f f er ences f r om Act i ve Messages 2. 0 
=========================================================================== 
The GASNet  cor e API  was or i gi nal l y  based on Act i ve Messages 2. 0 ( as descr i bed by A.  Mai nwar i ng and D.  Cul l er  i n 
" Act i ve Message Appl i cat i ons Pr ogr ammi ng I nt er f ace and Communi cat i on Subsyst em Or gani zat i on" ) ,  however  we' ve r emoved 
some of  t he gener al i t y  whi ch i s not  r equi r ed ( and can l ead t o per f or mance degr adat i on and mor e i mpl ement at i on ef f or t ) ,  
and st r i pped i t  down t o t he bar e essent i al s r equi r ed f or  act i ve messages i n a pur el y SPMD envi r onment .  The f i nal  spec 
mor e cl osel y r esembl es t he " Gener i c Act i ve Message I nt er f ace Speci f i cat i on v. 1. 1" ,  cr eat ed by D. Cul l er  et  al . ,  however  
we descr i be t he di f f er ences f r om AM2. 0 f or  r eader s f ami l i ar  wi t h t hat  speci f i cat i on ( and because we envi si on a number  
of  t he GASNet  cor e i mpl ement at i ons bei ng si mpl y a t hi n wr apper  over  t he exi st i ng AM2. 0 i mpl ement at i ons on a number  of  
pl at f or ms) .  
 
Her e ar e a summar y of  t he changes ( i nf or mal  st y l e. .  t hi s i s  not  r eal l y  par t  of  t he spec) :  
 
*  t he f unct i ons ar e r enamed t o mat ch t he GASNet  convent i ons 
 
*  t her e ar e no bundl es and onl y one ( i mpl i c i t )  endpoi nt .  Thi s necessi t at es t he f ol l owi ng changes:  
 *  Al l  AM2 f unct i ons whi ch t ook an endpoi nt  or  bundl e ar gument  have t hat  ar gument  r emoved 
 *  The f ol l owi ng f unct i ons no l onger  exi st :  AM_I ni t ,  AM_Ter mi nat e,  AM_Al l ocat eBundl e,  AM_Al l ocat eEndpoi nt ,  
AM_Fr eeEndpoi nt ,  AM_Fr eeBundl e,  AM_MoveEndpoi nt ,  AM_Get Xf er M,  AM_Get Dest Endpoi nt  
 
*  al l  handl er  r egi st r at i on i s per f or med dur i ng gasnet _i ni t ( ) ,  and t he maxi mum number  of  handl er s i s  f i xed at  256 
( i ncl udi ng handl er  0,  t he er r or  handl er )  
  *  The f ol l owi ng f unct i ons no l onger  exi st :  AM_Set Handl er  and AM_Set Handl er Any,  AM_Get NumHandl er s,  
AM_Set Number Handl er s,  AM_MaxNumHandl er s 
 
*  Segment  r egi st r at i on i s handl ed by gasnet _i ni t ( )  ( usi ng a ui nt pt r _t  t o al l ow ent i r e VA space)  
  *  The f ol l owi ng f unct i ons no l onger  exi st :  AM_Set Seg and AM_MaxSegLengt h ( st i l l  have AM_Get Seg)  
  *  i mpl ement at i ons must  suppor t  an endpoi nt  segment  l engt h t hat  spans t he ent i r e v i r t ual  addr ess space,  t hough t he 
per f or mance may change f or  l ar ger  segment  s i zes ( i f  gasnet _i ni t  r equest s a si ze l ar ger  t han what  under l y i ng AM_Set Seg 
can pr ovi de,  t hen we t ur n of f  l ar ge AM Xf er s and emul at e gasnet _Xf er  usi ng medi um messages)  
  *  t he dest _of f set  ar gument  t o t he Xf er  f unct i ons i s changed t o a voi d*  addr ess 
 
*  t her e ar e no t ags or  endpoi nt  names vi s i bl e t o t he user  -  such det ai l s  ar e al l  handl ed i nt er nal l y by t he j ob st ar t up 
mechani sm,  whi ch set s up a SPMD- st yl e mappi ng t abl e ( al l  t he nodes,  i ncl udi ng t he cur r ent  node,  i n ascendi ng or der  by 
r ank) .  
  *  Ther ef or e,  t he f ol l owi ng f unct i ons t o l onger  exi st :  AM_Map,  AM_MapAny,  AM_Unmap,  AM_Set Tag,  AM_Get Tag,  
AM_Get Tr ansl at i onName,  AM_Get Tr ansl at i onTag,  AM_Get Tr ansl at i onI nUse,  AM_MaxNumTr ansl at i ons,  AM_Get NumTr ansl at i ons,  
AM_Set NumTr ansl at i ons,  AM_Get MsgTag 
  *  t he en_t  *  ar gument  t o AM_Get Sour ceEndpoi nt  i s  now an gasnet _node_t  *  and r et ur ns t he node r ank of  t he sender  ( t he 
now- opaque t oken coul d be i mpl ement ed as t he i nt eger  node i ndex i t sel f ,  al t hough we al l ow i mpl ement at i ons t o st i l l  use 
i t  as a pt r  t o met adat a i f  r equi r ed)  
 
*  AM_Request Xf er AsyncM has mor e usef ul  semant i cs ( may bl ock)  
 
*  AM_Set Expect edResour ces no l onger  exi st s 
 
*  al l  i mpl ement at i ons must  suppor t  t he AM_PAR ( mul t i - t hr eaded)  access mode ( GASNET_PAR conf i gur at i on)  
 
*  how t o handl e 64- bi t  i mpl ement at i ons? Need t o speci f y. . .  
  appr oach 1:  make t he handl er  ar gs scal e wi t h poi nt er  s i ze ( 64- bi t  i nt s)  
    cons:  LP64 pl at f or ms ( l i ke I t ani um)  have 32- bi t  i nt s,  but  64- bi t  pt r s 
  appr oach 2:  r equi r e smal l  s i ze t o be 16 32- bi t  ar gs ( ensur e 8 ( voi d* ) ' s  can be sent )  
    cons:  handl er  code needs t o be r ewr i t t en f or  64- bi t  pl at f or ms t o per f or m packi ng/ unpacki ng 
 
*  Bl ocki ng pol l i ng oper at i on i s s i mpl i f i ed i n t he f ol l owi ng ways:  
  *  AM_Get Event Mask and AM_Set Event Mask no l onger  exi st  
  *  AM_Wai t Sema bl ocks t he cur r ent  t hr ead unt i l  ?????? 
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*  Maybe depr ecat e Repl yXf er  i n f avor  of  Get Xf er   
  *  some i mpl ement at i ons have t r oubl e wi t h l ar ge Repl yXf er ' s ( wi t h sof t war e f l ow cont r ol  & r el i abi l i t y)  
  *  bet t er  yet ,  j ust  separ at e AM_MaxLong i nt o AM_MaxLongRequest ,  and AM_MaxLongRepl y 
  *  AM2. 0 Get Xf er  doesn' t  add any expr essi veness -  r eal l y  want  a way t o get  f r om r emot e segment  i nt o ar bi t r ar y l ocal  
memor y addr ess 
 
*  Al l  Xf er  f unct i ons speci f y t he dest i nat i on usi ng a vi r t ual  memor y addr ess ( whi ch must  f al l  wi t hi n t he r egi st er ed 
segment )  r at her  t han a segment  of f set .  
 
*  r equest  handl er s ar e per mi t t ed t o omi t  a r epl y cal l  i f  no r epl y handl er  i s  needed ( and some i mpl ement at i ons may 
opt i mi ze t hi s case)  
 
Act i ve Messagi ng I nt er f ace 
========================== 
 
Act i ve message communi cat i on i s f or mul at ed as l ogi cal l y  mat chi ng r equest  and r epl y oper at i ons.  Upon r ecei pt  of  a 
r equest  message,  a r equest  handl er  i s  i nvoked;  l i kewi se,  when a r epl y message i s r ecei ved,  t he r epl y handl er  i s  
i nvoked.  Request  handl er s can r epl y at  most  once t o t he r equest i ng node.  I f  no expl i c i t  r epl y i s  made,  t he l ayer  may 
gener at e one ( t o an i mpl i c i t  do- not hi ng r epl y handl er ) .  Thus a r equest  handl er  can cal l  r epl y at  most  once.  I t  i s  an 
er r or  f or  a r equest  handl er  t o r epl y t o any node ot her  t han t he r equest i ng node.  Repl y handl er s cannot  r equest  or  
r epl y.   
 
Her e i s a hi gh- l evel  descr i pt i on of  a t ypi cal  act i ve message exchange bet ween t wo nodes,  A and B:  
 
1.  A cal l s  AMRequest * ( )  t o send a r equest  t o B                                         
 i t  i ncl udes ar gument s,  dat a payl oad,  t he node i ndex of  B and t he i ndex of  t he r equest  handl er  t o r un on B when t he 
r equest  ar r i ves                            
                                                                                 
2.  At  some l at er  t i me,  B r ecei ves t he r equest ,  and r uns t he appr opr i at e r equest  handl er  wi t h t he ar gument s and dat a 
( i f  any)  pr ovi ded i n t he AMRequest * ( )  cal l .  
  The r equest  handl er  does some wor k on t he ar gument s,  and usual l y f i ni shes by cal l i ng AMRepl y t o i ssue a r epl y 
message bef or e i t  exi t s ( r epl yi ng i s opt i onal  i n GASNet ,  but  r equi r ed i n AM2 -  i f  t he r equest  handl er  does not  r epl y 
t hen no f ur t her  act i ons ar e t aken) .                                                                 
  AMRepl y t akes t he t oken passed t o t he r equest  handl er ,  ar gument s and dat a payl oad,  and t he i ndex of  t he r epl y 
handl er  t o r un when t he r epl y message ar r i ves.  I t  does not  t ake a node i ndex because a r equest  handl er  i s  onl y 
per mi t t ed t o send a r epl y t o t he r equest i ng node                            
                                                                                 
3.  At  some l at er  t i me,  A r ecei ves t he r epl y message f r om B and r uns t he appr opr i at e r epl y handl er ,  wi t h t he ar gument s 
and dat a ( i f  any)  pr ovi ded i n t he AMRepl y* ( )  cal l .   
  The r epl y handl er  does some wor k on t he ar gument s and t hen exi t s.  I t  i s  not  per mi t t ed t o send f ur t her  messages.                    
 
The message l ayer  wi l l  del i ver  r equest s and r epl i es t o dest i nat i on nodes bar r i ng any cat ast r ophi c er r or s ( e. g.  node 
cr ashes) .  Fr om a sender ' s poi nt  of  v i ew,  t he r equest  and r epl y f unct i ons bl ock unt i l  t he message i s sent .  A message i s  
def i ned t o be sent  once i t  i s  saf e f or  t he cal l er  t o r euse t he st or age ( r egi st er s or  memor y)  cont ai ni ng t he message 
( one not abl e except i on t o t hi s pol i cy i s  gasnet _Request Lar geAsyncM( ) ) .  I n i mpl ement at i ons whi ch copy or  buf f er  
messages f or  t r ansmi ssi on,  t he def i ni t i on st i l l  hol ds:  message sent  means t he l ayer  has copi ed t he message and 
pr omi ses t o del i ver  t he copy wi t h i t s  ` ` best  ef f or t ' ' ,  and t he or i gi nal  message st or age may be r eused.  By best  ef f or t ,  
t he message l ayer  pr omi ses i t  wi l l  t ake car e of  al l  t he det ai l s  necessar y t o t r ansmi t  t he message.  These det ai l s  
i ncl udes any r et r ansmi ssi on at t empt s and buf f er i ng i ssues on unr el i abl e net wor ks.   
However ,  i n ei t her  case,  sent  does not  i mpl y r ecei ved.  Once cont r ol  r et ur ns f r om a r equest  or  r epl y f unct i on,  c l i ent s 
cannot  assume t hat  t he message has been r ecei ved and handl ed at  t he dest i nat i on.  The message l ayer  onl y guar ant ees 
t hat  i f  a r equest  or  r epl y i s  sent ,  and,  i f  t he r ecei ver  occasi onal l y pol l s  f or  ar r i v i ng messages,  t hen t he message 
wi l l  event ual l y be r ecei ved and handl ed.  Fr om a r ecei ver ' s poi nt  of  v i ew,  a message i s def i ned t o be r ecei ved onl y 
once i t s  handl er  f unct i on i s i nvoked.  The cont ent s of  par t i al l y  r ecei ved messages and messages whose handl er s have not  
execut ed ar e undef i ned.   
 
Act i ve Message Cat egor i es 
========================= 
Ther e ar e 3 cat egor i es of  act i ve messages:  
 
Shor t  -  messages t hat  car r y a f ew i nt eger  ar gument s ( up t o gasnet _AMMaxShor t ( ) )  
  handl er  pr ot ot ype:   
     voi d handl er ( gasnet _t oken_t  t oken,   
                  gasnet _handl er ar g_t  ar g0,  . . .  gasnet _handl er ar g_t  ar gM- 1) ;  
 
Medi um -  messages t hat  i n addi t i on t o i nt eger  ar gument s can car r y an opaque dat a payl oad ( up t o gasnet _AMMaxMedi um( )  
byt es i n l engt h)  
  handl er  pr ot ot ype:   
     voi d handl er ( gasnet _t oken_t  t oken,   
                  voi d * buf ,  s i ze_t  nbyt es,  
                  gasnet _handl er ar g_t  ar g0,  . . .  gasnet _handl er ar g_t  ar gM- 1) ;  
 
Long -  messages t hat  i n addi t i on t o i nt eger  ar gument s can car r y an opaque dat a payl oad ( up t o gasnet _AMMaxLong( )  byt es 
i n l engt h)  whi ch i s dest i ned f or  a par t i cul ar  pr edet er mi ned addr ess i n t he segment  of  t he r emot e node ( of t en 
i mpl ement ed usi ng RDMA)  
  handl er  pr ot ot ype:   
     voi d handl er ( gasnet _t oken_t  t oken,   
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                  voi d * buf ,  s i ze_t  nbyt es,  
                  gasnet _handl er ar g_t  ar g0,  . . .  gasnet _handl er ar g_t  ar gM- 1) ;  
 
The number  of  handl er  ar gument s ( M)  i s  speci f i ed upon i ssui ng a r equest  or  r epl y by choosi ng t he r equest / r epl y 
f unct i on of  t he appr opr i at e name.  The cat egor y of  message and val ue of  M used i n t he r equest / r epl y message sends 
det er mi nes t he appr opr i at e handl er  pr ot ot ype,  as det ai l ed above.  I f  a r equest  or  r epl y i s  sent  t o a handl er  whose 
pr ot ot ype does not  mat ch t he r equi r ement s as det ai l ed above,  t he r esul t  i s  undef i ned.  
 
I mpl ement or ' s not e:  
Some i mpl ement at i ons may choose t o opt i mi ze medi um and l ong messages f or  payl oads whose base addr ess and l engt h ar e 
al i gned wi t h cer t ai n conveni ent  s i zes ( wor d- al i gned,  doubl ewor d- al i gned,  page- al i gned et c. )  but  t hi s does not  af f ect  
cor r ect ness.  
 
Act i ve Message Si ze Li mi t s 
========================== 
Used t o quer y t he maxi mum si ze messages of  each cat egor y suppor t ed by a gi ven i mpl ement at i on.  These ar e l i kel y t o be 
i mpl ement ed as macr os f or  ef f i c i ency of  c l i ent  code whi ch uses t hem ( wi t hi n packi ng l oops,  et c, )  
 
i nt  gasnet _AMMaxAr gs( )  
 
Ret ur ns t he maxi mum number  of  handl er  ar gument s ( i . e.  M)  t hat  may be passed wi t h any AM r equest  or  r epl y f unct i on.  
Thi s val ue i s guar ant eed t o be at  l east  ( 2 *  MAX( si zeof ( i nt ) , s i zeof ( voi d* ) ) )  ( i . e.  8 f or  32- bi t  syst ems,  16 f or  64- bi t  
syst ems) ,  whi ch ensur es t hat  8 i nt s and/ or  poi nt er s can be sent  wi t h any act i ve message.  Al l  i mpl ement at i ons must  
suppor t  _al l _ val ues of  M f r om 0. . . gasnet _AMMaxAr gs( ) .  
 
i nt  gasnet _AMMaxMedi um( )  
 
Ret ur ns t he maxi mum number  of  byt es t hat  can be sent  i n t he payl oad of  a s i ngl e medi um AM r equest  or  r epl y.  Thi s val ue 
i s guar ant eed t o be at  l east  512 byt es on any i mpl ement at i on.  
 
i nt  gasnet _AMMaxLongRequest ( )  
 
Ret ur ns t he maxi mum number  of  byt es t hat  can be sent  i n t he payl oad of  a s i ngl e l ong AM r equest .  Thi s val ue i s 
guar ant eed t o be at  l east  512 byt es on any i mpl ement at i on.  I mpl ement at i ons whi ch use RDMA t o i mpl ement  l ong messages 
ar e l i kel y t o suppor t  a much l ar ger  val ue.  
 
i nt  gasnet _AMMaxLongRepl y( )  
 
Ret ur ns t he maxi mum number  of  byt es t hat  can be sent  i n t he payl oad of  a s i ngl e l ong AM r epl y.  Thi s val ue i s 
guar ant eed t o be at  l east  512 byt es on any i mpl ement at i on.  I mpl ement at i ons whi ch use RDMA t o i mpl ement  l ong messages 
ar e l i kel y t o suppor t  a much l ar ger  val ue.  
 
 
Act i ve Message Request  Funct i ons 
================================ 
I n t he f unct i on descr i pt i ons bel ow,  M i s t o be r epl aced wi t h a number  [ 0 . . .  gasnet _AMMaxAr gs( ) ]  
 
i nt  gasnet _AMRequest Shor t M(  gasnet _node_t  dest ,        / *  dest i nat i on node * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a shor t  AM r equest  t o t he gi ven dest i nat i on and handl er ,  wi t h t he gi ven M ar gument s.   
gasnet _AMRequest Shor t M r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he r equest  message.  Upon 
r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e act i ve message r equest  handl er  f unct i on wi t h t he M i nt eger  ar gument s.   
Ret ur ns GASNET_OK on success.  
 
i nt  gasnet _AMRequest Medi umM(  gasnet _node_t  dest ,       / *  dest i nat i on node * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            voi d * sour ce_addr ,  s i ze_t  nbyt es,    / *  dat a payl oad * /  
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a medi um AM r equest  t o t he gi ven dest i nat i on and handl er ,  wi t h t he gi ven M ar gument s and gi ven dat a payl oad 
copi ed f r om t he l ocal  node' s memor y space ( sour ce_addr  need not  f al l  wi t hi n t he r egi st er ed dat a segment  on t he l ocal  
node) .   
The val ue of  nbyt es must  be no l ar ger  t han t he val ue r et ur ned by gasnet _AMMaxMedi um( ) .  
gasnet _AMRequest Medi umM r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he associ at ed r equest ,  and 
t he sour ce memor y may be f r eel y modi f i ed once t he f unct i on r et ur ns.  The act i ve message i s l ogi cal l y  del i ver ed af t er  
t he dat a t r ansf er  f i ni shes.   
Upon r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e r equest  handl er  f unct i on wi t h a poi nt er  t o t empor ar y st or age 
cont ai ni ng t he dat a payl oad,  t he number  of  dat a byt es t r ansf er r ed,  and t he M i nt eger  ar gument s.  The dynami c scope of  
t he st or age i s t he same as t he dynami c scope of  t he handl er .  The dat a shoul d be copi ed i f  i t  i s  needed beyond t hi s 
scope.   
Ret ur ns GASNET_OK on success.  
 
i nt  gasnet _AMRequest LongM(  gasnet _node_t  dest ,         / *  dest i nat i on node * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            voi d * sour ce_addr ,  s i ze_t  nbyt es,    / *  dat a payl oad * /  
                            voi d * dest _addr ,                     / *  dat a dest i nat i on on dest i nat i on node * /  
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                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a l ong AM r equest  t o t he gi ven dest i nat i on and handl er ,  wi t h t he gi ven M ar gument s and gi ven dat a payl oad copi ed 
f r om t he l ocal  node' s memor y space ( sour ce_addr  need not  f al l  wi t hi n t he r egi st er ed dat a segment  on t he l ocal  node) .   
The val ue of  nbyt es must  be no l ar ger  t han t he val ue r et ur ned by gasnet _AMMaxLongRequest ( ) .  
The memor y speci f i ed by [ dest _addr . . . ( dest _addr +nbyt es- 1) ]  must  f al l  ent i r el y wi t hi n t he memor y segment  r egi st er ed f or  
r emot e access by t he dest i nat i on node.  
I f  dest  i s  t he cur r ent  node ( i . e.  l oopback)  and t he sour ce and dest i nat i on memor y over l ap,  t he r esul t  i s  undef i ned.  
gasnet _AMRequest LongM r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he associ at ed r equest ,  and 
t he sour ce memor y may be f r eel y modi f i ed once t he f unct i on r et ur ns.  The act i ve message i s l ogi cal l y  del i ver ed af t er  
t he bul k t r ansf er  f i ni shes.  Upon r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e r equest  handl er  f unct i on wi t h a 
poi nt er  i nt o t he memor y segment  wher e t he dat a was pl aced,  t he number  of  dat a byt es t r ansf er r ed,  and t he M i nt eger  
ar gument s.   
Ret ur ns GASNET_OK on success.  
 
i nt  gasnet _AMRequest LongAsyncM(  gasnet _node_t  dest ,         / *  dest i nat i on node * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            voi d * sour ce_addr ,  s i ze_t  nbyt es,    / *  dat a payl oad * /  
                            voi d * dest _addr ,                     / *  dat a dest i nat i on on dest i nat i on node * /  
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
gasnet _AMRequest LongAsyncM( )  has i dent i cal  semant i cs t o gasnet _AMRequest LongM( ) ,  except  t hat  t he dat a payl oad sour ce 
memor y must  NOT be modi f i ed unt i l  t he mat chi ng r epl y handl er  has execut ed.   
Some i mpl ement at i ons may l ever age t hi s addi t i onal  const r ai nt  t o pr ovi de hi gher  per f or mance ( e. g.  by r educi ng ext r a 
dat a copyi ng) .  
 
I mpl ement or ' s Not e:  
Not e t hat  unl i ke t he AM2. 0 f unct i on of  s i mi l ar  name,  t hi s f unct i on may bl ock t empor ar i l y  i f  t he net wor k i s  unabl e t o 
i mmedi at el y accept  t he new r equest .  
 
Act i ve Message Repl y Funct i ons 
============================== 
 
i nt  gasnet _AMRepl yShor t M(  gasnet _t oken_t  t oken,        / *  t oken pr ovi ded on handl er  ent r y * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a shor t  AM r epl y t o t he gi ven handl er  on t he r equest i ng node ( i . e.  t he one r esponsi bl e f or  t hi s par t i cul ar  
i nvocat i on of  t he r equest  handl er ) ,  and i ncl ude t he gi ven M ar gument s.   
gasnet _AMRepl yShor t M r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he r epl y message.   
Upon r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e act i ve message r epl y handl er  f unct i on wi t h t he M i nt eger  
ar gument s.   
Ret ur ns GASNET_OK on success.  
 
i nt  gasnet _AMRepl yMedi umM(  gasnet _t oken_t  t oken,        / *  t oken pr ovi ded on handl er  ent r y * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            voi d * sour ce_addr ,  s i ze_t  nbyt es,    / *  dat a payl oad * /  
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a medi um AM r epl y t o t he gi ven handl er  on t he r equest i ng node ( i . e.  t he one r esponsi bl e f or  t hi s par t i cul ar  
i nvocat i on of  t he r equest  handl er ) ,  wi t h t he gi ven M ar gument s and gi ven dat a payl oad copi ed f r om t he l ocal  node' s 
memor y space ( sour ce_addr  need not  f al l  wi t hi n t he r egi st er ed dat a segment  on t he l ocal  node) .   
The val ue of  nbyt es must  be no l ar ger  t han t he val ue r et ur ned by gasnet _AMMaxMedi um( ) .  
gasnet _AMRepl yMedi umM r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he associ at ed r epl y,  and t he 
sour ce memor y may be f r eel y modi f i ed once t he f unct i on r et ur ns.  The act i ve message i s l ogi cal l y  del i ver ed af t er  t he 
dat a t r ansf er  f i ni shes.   
Upon r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e r epl y handl er  f unct i on wi t h a poi nt er  t o t empor ar y st or age 
cont ai ni ng t he dat a payl oad,  t he number  of  dat a byt es t r ansf er r ed,  and t he M i nt eger  ar gument s.  The dynami c scope of  
t he st or age i s t he same as t he dynami c scope of  t he handl er .  The dat a shoul d be copi ed i f  i t  i s  needed beyond t hi s 
scope.   
Ret ur ns GASNET_OK on success.  
 
i nt  gasnet _AMRepl yLongM(  gasnet _t oken_t  t oken,        / *  t oken pr ovi ded on handl er  ent r y * /  
                            gasnet _handl er _t  handl er ,  / *  i ndex i nt o dest i nat i on endpoi nt ' s  handl er  t abl e * /   
                            voi d * sour ce_addr ,  s i ze_t  nbyt es,    / *  dat a payl oad * /  
                            voi d * dest _addr ,                     / *  dat a dest i nat i on on dest i nat i on node * /  
                            gasnet _handl er ar g_t  ar g0,  . . . ,  gasnet _handl er ar g_t  ar gM- - 1 ) ;   
 
Send a l ong AM r epl y t o t he gi ven handl er  on t he r equest i ng node ( i . e.  t he one r esponsi bl e f or  t hi s par t i cul ar  
i nvocat i on of  t he r equest  handl er ) ,  wi t h t he gi ven M ar gument s and gi ven dat a payl oad copi ed f r om t he l ocal  node' s 
memor y space ( sour ce_addr  need not  f al l  wi t hi n t he r egi st er ed dat a segment  on t he l ocal  node) .   
The val ue of  nbyt es must  be no l ar ger  t han t he val ue r et ur ned by gasnet _AMMaxLongRepl y( ) .  
The memor y speci f i ed by [ dest _addr . . . ( dest _addr +nbyt es- 1) ]  must  f al l  ent i r el y wi t hi n t he memor y segment  r egi st er ed f or  
r emot e access by t he dest i nat i on node.  
I f  dest  i s  t he cur r ent  node ( i . e.  l oopback)  and t he sour ce and dest i nat i on memor y over l ap,  t he r esul t  i s  undef i ned.  
gasnet _AMRepl yLongM r et ur ns cont r ol  t o t he cal l i ng t hr ead of  comput at i on af t er  sendi ng t he associ at ed r epl y,  and t he 
sour ce memor y may be f r eel y modi f i ed once t he f unct i on r et ur ns.  The act i ve message i s l ogi cal l y  del i ver ed af t er  t he 
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bul k t r ansf er  f i ni shes.  Upon r e- cei pt ,  t he r ecei ver  i nvokes t he appr opr i at e r epl y handl er  f unct i on wi t h a poi nt er  i nt o 
t he - memor y segment  wher e t he dat a was pl aced,  t he number  of  dat a byt es t r ansf er r ed,  and t he M i nt eger  ar gument s.   
Ret ur ns GASNET_OK on success.  
 
Mi sc.  Act i ve Message Funct i ons 
============================== 
 
i nt  gasnet _AMPol l ( )  
 
An expl i c i t  cal l  t o ser vi ce t he net wor k,  pr ocess pendi ng messages and r un handl er s as appr opr i at e.  
Most  of  t he message- sendi ng pr i mi t i ves i n GASNet  pol l  t he net wor k i mpl i c i t l y.  
Pur el y pol l i ng- based i mpl ement at i ons of  GASNet  may r equi r e occasi onal  cal l s  t o t hi s f unct i on t o ensur e pr ogr ess of  
r emot e nodes dur i ng comput e- onl y l oops.  Any cl i ent  code whi ch spi n- wai t s f or  t he ar r i val  of  a message shoul d cal l  t hi s 
f unct i on wi t hi n t he spi n l oop t o opt i mi ze r esponse t i me.  
Thi s may be a no- op on some i mpl ement at i ons ( e. g.  pur el y i nt er r upt - based i mpl ement at i ons) .  
Ret ur ns GASNET_OK unl ess an er r or  condi t i on was det ect ed.  
 
i nt  gasnet _AMGet MsgSour ce( gasnet _t oken_t  t oken,  gasnet _node_t  * sr ci ndex)  
 
Can be cal l ed by handl er s t o quer y t he sour ce of  t he message bei ng handl ed.  The t oken ar gument  must  be t he t oken 
passed i nt o t he handl er  on ent r y.  Ret ur ns GASNET_OK on success.  
 
 
At omi ci t y semant i cs of  handl er s:  
================================ 
Handl er s may r un asynchr onousl y wi t h r espect  t o t he mai n comput at i on ( i n an i mpl ement at i on whi ch uses i nt er r upt s t o 
r un some or  al l  handl er s) ,  and t hey may r un concur r ent l y wi t h each ot her  on separ at e t hr eads ( e. g.  i n a CLUMP 
i mpl ement at i on wher e sever al  t hr eads may be pol l i ng t he net wor k at  once) .  An i mpl ement at i on usi ng i nt er r upt s may 
r esul t  i n handl er  code r unni ng wi t hi n a si gnal  handl er  cont ext .  Some i mpl ement at i ons may even choose t o r un handl er s 
on a separ at e pr i vat e t hr ead cr eat ed by GASNet  ( maki ng handl er s asynchr onous wi t h r espect  t o al l  c l i ent  t hr eads) .  Not e 
t hat  pol l i ng- based GASNet  i mpl ement at i ons ar e l i kel y t o pol l  ( and possi bl y r un handl er s)  f r om wi t hi n _any_ GASNet  cal l  
( i . e.  not  j ust  gasnet _AMPol l ( ) ) .  Because of  al l  t hi s,  handl er  code shoul d r un qui ckl y and t o compl et i on wi t hout  maki ng 
bl ocki ng cal l s,  and shoul d not  make assumpt i ons about  t he cont ext  i n whi ch i t  i s  bei ng r un ( speci al  car e must  be t aken 
t o ensur e saf et y i n a s i gnal  handl er  cont ext ,  see bel ow) .  
 
Regar dl ess,  handl er s t hemsel ves ar e not  i nt er r upt i bl e -  any gi ven t hr ead wi l l  onl y be r unni ng a si ngl e AM handl er  at  a 
t i me and wi l l  never  be i nt er r upt ed t o r un anot her  AM handl er  ( t her e i s one except i on t o t hi s r ul e -  t he 
gasnet _AMRepl y* ( )  cal l  i n a r equest  handl er  may cause r epl y handl er s t o r un synchr onousl y,  whi ch may be necessar y t o 
avoi d deadl ock i n some i mpl ement at i ons.  Thi s shoul d not  be a pr obl em si nce gasnet _AMRepl y* ( )  i s  of t en t he l ast  act i on 
t aken by a r equest  handl er ) .   Handl er s ar e speci f i cal l y  pr ohi bi t ed f r om i ni t i at i ng r andom net wor k communi cat i on t o 
pr event  deadl ock -  r equest  handl er s must  gener at e at  most  one r epl y ( t o t he r equest or )  and make no ot her  communi cat i on 
cal l s  ( i ncl udi ng pol l i ng) ,  and r epl y handl er s may not  communi cat e or  pol l  at  al l .  
 
The asynchr onous nat ur e of  handl er s r equi r es t wo mechani sms t o make t hem saf e:  a mechani sm t o ensur e si gnal  saf et y f or  
GASNet  i mpl ement at i ons usi ng i nt er r upt - based mechani sms,  and a l ocki ng mechani sm t o al l ow at omi c updat es f r om handl er s 
t o dat a st r uct ur es shar ed wi t h t he cl i ent  t hr eads and ot her  handl er s.  
 
Ensur i ng si gnal - saf et y f or  handl er s 
=================================== 
Tr adi t i onal l y,  code r unni ng i n s i gnal  handl er  cont ext  i s  ext r emel y ci r cumscr i bed i n what  i t  can do:  e. g.  none of  t he 
st andar d pt hr eads/ Syst em V synchr oni zat i on cal l s  ar e on t he l i st  of  s i gnal - saf e f unct i ons ( f or  such a l i st  see Ri char d 
St evens'  " Advanced Pr ogr ammi ng i n t he Uni x Envi r onment " ,  p 278) .  Not e t hat  even most  " t hr ead- saf e"  l i br ar i es wi l l  
br eak or  deadl ock i f  cal l ed f r om a si gnal  handl er  by t he same t hr ead cur r ent l y execut i ng a di f f er ent  cal l  t o t hat  
l i br ar y i n an ear l i er  st ack f r ame.  One speci f i c  case wher e t hi s i s  l i kel y t o ar i se i n pr act i ce i s  cal l s  t o 
mal l oc( ) / f r ee( ) .  To over come t hese l i mi t at i ons,  and al l ow our  handl er s t o be mor e usef ul ,  t he nor mal  l i mi t at i ons on 
si gnal  handl er s wi l l  be avoi ded by al l owi ng t he cl i ent  t hr ead t o t empor ar i l y  di sabl e t he net wor k i nt er r upt s t hat  r un 
handl er s.  Al l  f unct i on cal l s  t hat  ar e not  s i gnal - saf e and coul d possi bl y access st at e shar ed by f unct i ons al so cal l ed 
f r om handl er s MUST be cal l ed wi t hi n a GASNet  " no- i nt er r upt  sect i on" :   
 
voi d gasnet _hol d_i nt er r upt s( )  
voi d gasnet _r esume_i nt er r upt s( )  
 
gasnet _hol d_i nt er r upt s( )  and gasnet _r esume_i nt er r upt s( )  ar e used t o def i ne a GASNet  no- i nt er r upt  sect i on ( any code 
whi ch dynami cal l y execut es bet ween t he hol d and r esume cal l s i s  sai d t o be " i nsi de"  t he no- i nt er r upt  sect i on)  
These ar e l i kel y t o be i mpl ement ed as macr os and hi ghl y t uned f or  ef f i c i ency.  
The hol d and r esume cal l s must  be pai r ed,  and may _not _ be nest ed r ecur si vel y or  t he r esul t s ar e undef i ned ( t hi s means 
t hat  c l i ent s shoul d be especi al l y  car ef ul  when cal l i ng ot her  f unct i ons i n t he cl i ent  f r om wi t hi n a no- i nt er r upt  
sect i on) .  
Bot h cal l s  wi l l  r et ur n i mmedi at el y i n t he common case,  al t hough one or  bot h may cause messages t o be ser vi ced on some 
i mpl ement at i ons.  
GASNet  guar ant ees t hat  no handl er s wi l l  r un asynchr onousl y ON THE CURRENT THREAD wi t hi n t he no- i nt er r upt  sect i on.  The 
no- i nt er r upt  st at e i s  a per - t hr ead set t i ng,  and GASNet  may cont i nue r unni ng handl er s synchr onousl y or  asynchr onousl y 
on ot her  c l i ent  t hr eads or  GASNet - pr i vat e t hr eads ( even i n a GASNET_SEQ conf i gur at i on)  -  speci f i cal l y,  a no- i nt er r upt  
sect i on does NOT guar ant ee at omi ci t y wi t h r espect  t o handl er  code,  i t  mer el y pr ovi des a way t o ensur e t hat  handl er s 
won' t  r un on a gi ven t hr ead whi l e i t ' s  i nsi de a cal l  t o a non- si gnal - saf e l i br ar y.  
 
Rest r i ct i ons on No- i nt er r upt  Sect i ons 
===================================== 
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Ther e i s a st r i ct  set  of  convent i ons gover ni ng t he use of  no- i nt er r upt  sect i ons whi ch must  be f ol l owed i n or der  t o 
ensur e cor r ect  oper at i on on al l  GASNet  i mpl ement at i ons.  Cl i ent s whi ch vi ol at e any of  t hese r ul es may be subj ect  t o 
i nt er mi t t ent  cr ashes,  f at al  er r or s or  net wor k deadl ocks.  
 
*  Code i n a no- i nt er r upt  sect i on must  never  bl ock or  spi n- wai t  f or  an unbounded amount  of  t i me,  especi al l y  when 
awai t i ng a r esul t  pr oduced by a handl er  
 
*  Code i n a no- i nt er r upt  sect i on must  not  cal l  any GASNet  f unct i ons t hat  may send r equest s or  synchr onousl y r un 
handl er s -  speci f i cal l y,  t he onl y GASNet  f unct i ons whi ch may l egal l y by cal l ed wi t hi n t he no- i nt er r upt  sect i on ar e:  
  gasnet _mynode( ) ,  gasnet _nodes( ) ,  gasnet _hsl _l ock( ) ,  gasnet _hsl _unl ock( ) ,  gasnet _AMRepl y* ( )  
 
*  gasnet _hol d_i nt er r upt s( )  and gasnet _r esume_i nt er r upt s( )  shoul d not  be cal l ed f r om wi t hi n a handl er  cont ext  -  
handl er s ar e r un wi t hi n an i mpl i c i t  no- i nt er r upt  sect i on 
 
*  No- i nt er r upt  sect i ons shoul d onl y be hel d " br i ef l y"  t o avoi d st ar vi ng t he net wor k ( coul d cause per f or mance 
degr adat i on,  but  shoul d not  af f ect  cor r ect ness) .  Ver y l ong no- i nt er r upt  sect i ons ( i . e.  on t he or der  of  10 sec or  mor e)  
coul d cause some GASNet  i mpl ement at i ons empl oyi ng t i meout - based mechani sms t o f ai l  ( e. g.  r emot e nodes may deci de t hi s 
node i s dead and abor t  t he j ob) .  
 
I mpl ement or ' s not e:  
One possi bl e i mpl ement at i on:  
 Keep a bi t  f or  each t hr ead i ndi cat i ng whet her  or  not  a no- i nt er r upt  sect i on i s i n ef f ect ,  whi ch i s checked by al l  
asynchr onous si gnal  handl er s 
 I f  a s i gnal  ar r i ves whi l e a no- i nt er r upt  sect i on i s i n ef f ect ,  a di f f er ent  per - t hr ead bi t  i n memor y wi l l  be mar ked 
i ndi cat i ng a " mi ssed GASNet  si gnal " :  t he gasnet _r esume_i nt er r upt s( )  cal l  wi l l  check t hi s bi t ,  and i f  i t  i s  set ,  t he 
act i on f or  t he si gnal  wi l l  be t aken ( t he act i on f or  a GASNet  s i gnal  i s  al ways t o check t he queue of  i ncomi ng net wor k 
messages,  so t her e' s no ambi gui t y on what  t he si gnal  meant .  Si nce messages ar e queued,  t he si ngl e ' s i gnal  mi ssed'  bi t  
i s  suf f i c i ent  f or  an ar bi t r ar y number  of  mi ssed si gnal s dur i ng a si ngl e no- i nt er r upt  sect i on- - GASNet  messages wi l l  be 
r emoved and pr ocessed unt i l  t he queue i s empt y) .   
 I mpl ement at i on needs t o hol d a no- i nt er r upt  sect i on over  a t hr ead whi l e r unni ng handl er s 
 St r i ct l y  pol l i ng- based i mpl ement at i ons whi ch never  i nt er r upt  a t hr ead can i mpl ement  t hese as a no- op.  
 
Handl er - saf e Locks 
================== 
 
I n or der  t o suppor t  handl er s at omi cal l y updat i ng dat a st r uct ur es accessed by t he mai n- l i ne cl i ent  code and ot her  
handl er s,  GASNet  pr ovi des t he Handl er - saf e l ock ( HSL)  mechani sm.  As t he name i mpl i es,  t hese ar e a speci al  k i nd of  l ock 
whi ch ar e di st i ngui shed as bei ng t he _onl y_ t ype of  l ock whi ch may be saf el y acqui r ed f r om a handl er  cont ext .  Ther e i s 
al so a set  of  r est r i ct i ons on t hei r  usage whi ch al l ows t hi s t o be saf e ( see bel ow) .  Al l  l ock- pr ot ect ed dat a st r uct ur es 
i n t he cl i ent  t hat  need t o be accessed by handl er s shoul d be pr ot ect ed usi ng a handl er - saf e l ock ( i . e.  i nst ead of  a 
st andar d POSI X mut ex) .   
 
gasnet _hsl _t  i s  an opaque t ype r epr esent i ng a handl er - saf e l ock.   
HSL' s oper at e anal ogousl y t o POSI X mut exes,  i n t hat  t hey ar e al ways mani pul at ed usi ng a poi nt er .  
 
gasnet _hsl _t  hsl  = GASNET_HSL_I NI TI ALI ZER;  
voi d gasnet _hsl _i ni t    ( gasnet _hsl _t  * hsl )  
voi d gasnet _hsl _dest r oy( gasnet _hsl _t  * hsl )  
 
Si mi l ar l y t o POSI X mut exes,  HSL' s can be cr eat ed i n t wo ways.  They can be st at i cal l y  decl ar ed and i ni t i al i zed usi ng 
t he GASNET_HSL_I NI TI ALI ZER const ant .  Al t er nat el y,  HSL' s al l ocat ed usi ng ot her  means ( such as dynami c al l ocat i on)  may 
be i ni t i al i zed by cal l i ng gasnet _hsl _i ni t ( ) .  gasnet _hsl _dest r oy( )  may be cal l ed on ei t her  t ype of  HSL once i t ' s  no 
l onger  needed t o r el ease any syst em r esour ces associ at ed wi t h i t .   
I t  i s  er r oneous t o cal l  gasnet _hsl _i ni t ( )  on a gi ven HSL mor e t han once.  I t  i s  er r oneous t o dest r oy an HSL whi ch i s 
cur r ent l y l ocked.  Any er r or s det ect ed i n HSL i ni t i al i zat i on/ dest r uct i on ar e f at al .  
 
voi d gasnet _hsl _l ock   ( gasnet _hsl _t  * hsl )  
voi d gasnet _hsl _unl ock ( gasnet _hsl _t  * hsl )  
 
Lock and unl ock HSL' s.  gasnet _hsl _l ock( )  wi l l  bl ock unt i l  t he l ock can be acqui r ed by t he cur r ent  t hr ead.  
gasnet _hsl _l ock( )  may be cal l ed f r om wi t hi n mai n- l i ne cl i ent  code or  f r om wi t hi n handl er s -  t hi s i s  t he ONLY bl ocki ng 
cal l  whi ch i s per mi t t ed t o execut e wi t hi n a GASNet  handl er  cont ext  ( e. g.  i t  i s  er r oneous t o cal l  POSI X mut ex l ocki ng 
f unct i ons) .   
gasnet _hsl _unl ock( )  r el eases t he l ock pr evi ousl y acqui r ed usi ng gasnet _hsl _l ock( ) .  
I t  i s  er r oneous t o cal l  t hese f unct i ons on HSL' s whi ch have not  been pr oper l y i ni t i al i zed.  
 
Rest r i ct i ons on Handl er - saf e Locks 
================================== 
Ther e i s a st r i ct  set  of  convent i ons gover ni ng t he use of  HSL' s whi ch must  be f ol l owed i n or der  t o ensur e cor r ect  
oper at i on on al l  GASNet  i mpl ement at i ons.  Amongst  ot her  t hi ngs,  t he r est r i ct i ons ar e desi gned t o ensur e t hat  HSL' s ar e 
al ways hel d f or  a st r i ct l y  bounded amount  of  t i me,  t o ensur e t hat  acqui r i ng t hem f r om wi t hi n a handl er  can' t  l ead t o 
deadl ock.  Cl i ent s whi ch vi ol at e any of  t hese r ul es may be subj ect  t o i nt er mi t t ent  cr ashes,  f at al  er r or s or  net wor k 
deadl ocks.   
 
*  Code execut i ng on a t hr ead hol di ng an HSL i s i mpl i c i t l y  wi t hi n a no- i nt er r upt  sect i on,  and must  f ol l ow al l  t he 
r est r i ct i ons on code wi t hi n a no- i nt er r upt  sect i on ( see above) .  gasnet _hol d_i nt er r upt s( )  and 
gasnet _r esume_i nt er r upt s( )  must  not  be expl i c i t l y  cal l ed whi l e hol di ng an HSL 
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*  HSL' s may _not _ be l ocked r ecur si vel y ( i . e.  cal l i ng gasnet _hsl _l ock( )  on a l ock al r eady hel d by t he cur r ent  t hr ead)  
and at t empt i ng t o do so wi l l  l ead t o undef i ned behavi or .  I t  _i s_ per mi t t ed f or  a t hr ead t o acqui r e mor e t han one HSL,  
al t hough t he t r adi t i onal  caut i ons about  t he possi bi l i t y  of  deadl ock i n t he pr esence of  mul t i pl e l ocks appl y ( e. g.  t he 
common sol ut i on i s t o def i ne a t ot al  or der  on l ocks and al ways acqui r e t hem i n a monot oni cal l y  ascendi ng sequence) .  
 
*  HSL' s must  be unl ocked i n t he r ever se or der  t hey wer e l ocked ( e. g.  l ock A;  l ock B;  . . .  unl ock B;  unl ock A;  i s  l egal  
-  r ever si ng t he or der  of  unl ocks i s er r oneous)  
 
*  HSL' s may not  be shar ed acr oss GASNet  pr ocesses execut i ng on a machi ne -  f or  exampl e,  i t  i s  speci f i cal l y  di sal l owed 
t o pl ace an HSL i n a syst em V or  mmapped shar ed memor y segment  and at t empt  t o access i t  f r om t wo di f f er ent  GASNet  
pr ocesses.  
 
*  Any handl er  whi ch l ocks one or  mor e HSL' s MUST unl ock t hem al l  bef or e exi t i ng or  cal l i ng gasnet _AMRepl y* ( )  
 
I mpl ement or ' s not e:  
 HSL' s ar e l i kel y t o j ust  be a t hi n wr apper  ar ound a POSI X mut ex -  need t o add j ust  enough st at e/ code t o ensur e t he 
saf et y pr oper t i es ( must  be a r eal  l ock,  even when GASNET_SEQ because cl i ent  may st i l l  have mul t i pl e t hr eads) .  
The onl y speci f i c  act i on r equi r ed i s t hat  a no- i nt er r upt  sect i on i s enf or ced whi l e t he mai n- l i ne code i s hol di ng an 
HSL ( must  be car ef ul  t hi s wor ks pr oper l y when mul t i pl e HSL' s ar e hel d or  when r unni ng i n a handl er ) .  
 Robust  i mpl ement at i ons may add ext r a er r or  checki ng t o hel p di scover  v i ol at i ons of  t he r est r i ct i ons,  at  l east  when 
compi l ed i n a debuggi ng mode -  f or  exampl e,  i t  shoul d be easy t o det ect :  at t empt s at  r ecur si ve l ocki ng on HSL' s,  
i ncor r ect l y or der ed unl ocks,  handl er s t hat  f ai l  t o r el ease HSL' s,  expl i c i t  cal l s  t o gasnet _hol d_i nt er r upt s( )  and 
gasnet _r esume_i nt er r upt s( )  i n a handl er  or  whi l e an HSL i s hel d or  i n a no- i nt er r upt  sect i on,  and i l l egal  cal l s  t o 
GASNet  messagi ng f unct i ons whi l e hol di ng an HSL or  i nsi de a no- i nt er r upt  sect i on.  
 
=========================================================================== 
                        ===== Ext ended API  ====== 
=========================================================================== 
Er r or s i n cal l s  t o t he ext ended API  ar e consi der ed f at al  and abor t  t he j ob ( by sendi ng a SI GABORT si gnal )  af t er  
pr i nt i ng an appr opr i at e er r or  message.  
 
Memor y- t o- memor y dat a t r ansf er  f unct i ons:  
========================================= 
These comment s appl y t o al l  put / get  f unct i ons:  
 
*  nbyt es par amet er  shoul d be a compi l e- t i me const ant  whenever  possi bl e ( f or  ef f i c i ency)  
 
*  t he sour ce memor y addr ess f or  al l  get s and t he t ar get  memor y addr ess f or  al l  put s must  f al l  wi t hi n t he memor y ar ea 
r egi st er ed f or  r emot e access by t he r emot e node ( see gasnet _i ni t ( ) ) ,  or  t he r esul t s ar e undef i ned 
 
*  Poi nt er s t o r emot e memor y ar e passed as an or der ed pai r  of  ar gument s:  an i nt eger  node r ank ( a gasnet _node_t )  and a 
voi d *  v i r t ual  memor y addr ess,  whi ch l ogi cal l y  r epr esent  a gl obal  poi nt er  t o t he gi ven addr ess on t he gi ven node.  
These gl obal  poi nt er s need not  be r emot e -  t he node r ank passed t o t hese f unct i ons may i n f act  be t he r ank of  t he 
cur r ent  node -  i mpl ement at i ons must  suppor t  t hi s f or m of  l oopback,  and shoul d pr obabl y at t empt  t o opt i mi ze i t  by 
avoi di ng net wor k t r af f i c  f or  such pur el y l ocal  oper at i ons.  
 
*  I f  t he sour ce memor y and dest i nat i on memor y r egi ons over l ap ( but  do not  exact l y coi nci de)  t he r esul t i ng val ue i s 
undef i ned 
 
Bl ocki ng memor y- t o- memor y t r ansf er s 
=================================== 
 
voi d   gasnet _get  ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)   
voi d   gasnet _put  ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)   
 
Bl ocki ng get / put  oper at i ons f or  al i gned dat a.  The get  oper at i on f et ches " nbyt es"  byt es f r om t he addr ess " sr c"  on node 
" node"  and pl aces t hem at  " dest "  i n t he l ocal  memor y space.  The put  oper at i on sends " nbyt es"  byt es f r om t he addr ess 
" sr c"  i n t he l ocal  addr ess space,  and pl aces t hem at  t he addr ess " dest "  i n t he memor y space of  node " node" .  A cal l  t o 
t hese f unct i ons bl ocks unt i l  t he t r ansf er  i s  compl et e,  and t he cont ent s of  t he dest i nat i on memor y ar e undef i ned unt i l  
i t  compl et es.  I f  t he cont ent s of  t he sour ce memor y change whi l e t he oper at i on i s i n pr ogr ess t he r esul t  wi l l  be 
i mpl ement at i on- speci f i c.  The sr c and dest  addr esses ( whet her  l ocal  and r emot e)  must  be pr oper l y al i gned f or  accessi ng 
obj ect s of  s i ze nbyt es.  nbyt es must  be >= 0 and has no maxi mum si ze,  but  i mpl ement at i ons wi l l  l i kel y opt i mi ze f or  
smal l  power s of  2 
 
voi d   gasnet _get _bul k ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)  
voi d   gasnet _put _bul k ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)  
 
Bl ocki ng get / put  oper at i ons f or  bul k ( unal i gned)  dat a.  These f unct i on si mi l ar l y t o t he al i gned get / put  oper at i ons 
above,  except  t he dat a i s  per mi t t ed t o be unal i gned,  and i mpl ement at i ons ar e l i kel y t o opt i mi ze f or  l ar ger  s i zes of  
nbyt es.  
 
voi d   gasnet _memset    ( gasnet _node_t  node,  voi d * dest ,  i nt  val ,  s i ze_t  nbyt es)  
 
Bl ocki ng oper at i on t hat  execut es memset ( dest ,  val ,  nbyt es)  on t he gi ven node ( and has t he same semant i cs as t hat  
f unct i on) .  
 
Non- bl ocki ng memor y- t o- memor y t r ansf er s 
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======================================= 
  The f ol l owi ng f unct i ons pr ovi de non- bl ocki ng,  spl i t - phase memor y access t o shar ed dat a.  
 
  Al l  such non- bl ocki ng oper at i ons r equi r e an i ni t i at i on ( put  or  get )  and a subsequent  synchr oni zat i on on t he 
compl et i on of  t hat  oper at i on bef or e t he r esul t  i s  guar ant eed.  
 
  Successf ul  synchr oni zat i on of  a non- bl ocki ng get  oper at i on means t he l ocal  r esul t  i s  r eady t o be exami ned,  and wi l l  
cont ai n a val ue hel d by t he sour ce l ocat i on at  some t i me i n t he i nt er val  bet ween t he cal l  t o t he i ni t i at i on f unct i on 
and t he successf ul  compl et i on of  t he synchr oni zat i on ( not e t hi s speci f i cal l y  al l ows i mpl ement at i ons t o del ay t he 
under l y i ng r ead unt i l  t he synchr oni zat i on oper at i on i s cal l ed,  pr ovi ded t hey pr eser ve t he bl ocki ng semant i cs of  t he 
synchr oni zat i on f unct i on)  
 
  Successf ul  synchr oni zat i on of  a put  oper at i on means t he sour ce dat a has been wr i t t en t o t he dest i nat i on l ocat i on and 
get  oper at i ons i ssued subsequent l y by any t hr ead ( or  l oad i nst r uct i ons i ssued by t he dest i nat i on node)  wi l l  r ecei ve 
t he new val ue or  a subsequent l y wr i t t en val ue ( assumi ng no ot her  t hr eads ar e wr i t i ng t he l ocat i on)  
 
  Ther e ar e t wo cat egor i es of  non- bl ocki ng oper at i ons:  
    " expl i c i t  handl e"  ( nb)  -  r et ur n a speci f i c  handl e t o cal l er  whi ch i s used f or  synchr oni zat i on 
      t hi s handl e can be used t o synchr oni ze a speci f i c  subset  of  t he nb oper at i ons i n- f l i ght  
    " i mpl i c i t  handl e"  ( nbi )  -  don' t  r et ur n a handl e -  synchr oni zat i on i s accompl i shed 
      by cal l i ng a synchr oni zat i on r out i ne t hat  synchr oni zes al l  out st andi ng nbi  oper at i ons 
 
  Not e t hat  t he or der  i n whi ch non- bl ocki ng oper at i ons compl et e i s  i nt ent i onal l y unspeci f i ed -  t he syst em i s f r ee t o 
coal esce and/ or  r eor der  non- bl ocki ng oper at i ons wi t h r espect  t o ot her  bl ocki ng or  non- bl ocki ng oper at i ons,  or  
oper at i ons i ni t i at ed f r om a separ at e t hr ead -  t he onl y or der i ng const r ai nt s t hat  must  be sat i sf i ed ar e t hose 
expl i c i t l y  enf or ced usi ng t he synchr oni zat i on f unct i ons ( i . e.  t he non- bl ocki ng oper at i on i s onl y guar ant eed t o occur  
somewher e i n t he i nt er val  bet ween i ni t i at i on and successf ul  synchr oni zat i on on t hat  oper at i on) .  
 
  I mpl ement or s shoul d at t empt  t o make t he non- bl ocki ng i ni t i at i on oper at i ons r et ur n as qui ckl y as possi bl e -  however  
i n some cases ( e. g.  when a l ar ge number  of  non- bl ocki ng oper at i ons have been i ssued or  t he net wor k i s  ot her wi se busy)  
i t  may be necessar y t o bl ock t empor ar i l y  whi l e wai t i ng f or  t he net wor k t o become avai l abl e.  I n any case,  al l  
i mpl ement at i ons must  suppor t  an unl i mi t ed number  of  non- bl ocki ng oper at i ons i n- pr ogr ess -  t hat  i s,  t he cl i ent  i s  f r ee 
t o i ssue an unl i mi t ed number  of  non- bl ocki ng oper at i ons bef or e i ssui ng a sync oper at i on,  and t he i mpl ement at i on must  
handl e t hi s cor r ect l y wi t hout  deadl ock or  l i vel ock.   
 
Non- bl ocki ng memor y- t o- memor y t r ansf er s ( expl i c i t  handl e)  
========================================================== 
 
The expl i c i t - handl e non- bl ocki ng dat a t r ansf er  f unct i ons r et ur n a gasnet _handl e_t  val ue t o r epr esent  t he non- bl ocki ng 
oper at i on i n f l i ght .  gasnet _handl e_t  i s  an opaque t ype whose cont ent s ar e i mpl ement at i on- def i ned,  wi t h one except i on -  
ever y i mpl ement at i on must  pr ovi de a val ue cor r espondi ng t o an " i nval i d"  handl e ( GASNET_I NVALI D_HANDLE)  and f ur t her mor e 
t hi s val ue must  be t he r esul t  of  set t i ng al l  t he byt es i n t he gasnet _handl e_t  dat at ype t o zer o.  I mpl ement at or s ar e 
f r ee t o def i ne t he gasnet _handl e_t  t ype t o be any r easonabl e and appr opr i at e si ze,  al t hough t hey ar e r ecommended t o 
use a t ype whi ch f i t s  wi t hi n a si ngl e st andar d r egi st er  on t he t ar get  ar chi t ect ur e.  I n any case,  t he dat at ype shoul d 
be wi de enough t o expr ess at  l east  2^ 16- 1 di f f er ent  handl e val ues,  t o pr event  l i mi t i ng t he number  of  non- bl ocki ng 
oper at i ons i n pr ogr ess due t o t he number  of  handl es avai l abl e.   I t  _i s_ l egal  f or  c l i ent s t o pass gasnet _handl e_t  
val ues i nt o f unct i on cal l ees or  back t o f unct i on cal l er s.  
 
I n t he case of  mul t i t hr eaded cl i ent s ( GASNET_PAR or  GASNET_PARSYNC) ,  gasnet _handl e_t  val ues ar e t hr ead- speci f i c.  I n 
ot her  wor ds,  i t  i s  an er r or  t o obt ai n a handl e val ue by i ni t i at i ng a non- bl ocki ng oper at i on on one t hr ead,  and l at er  
pass t hat  handl e i nt o a synchr oni zat i on f unct i on f r om a di f f er ent  t hr ead.   
 
Any expl i c i t - handl e,  non- bl ocki ng oper at i on may r et ur n GASNET_I NVALI D_HANDLE t o i ndi cat e i t  was possi bl e t o compl et e 
t he oper at i on i mmedi at el y wi t hout  bl ocki ng ( e. g.  oper at i ons wher e t he " r emot e"  node i s act ual l y t he l ocal  node)  
 
I t  i s  al ways an er r or  t o di scar d t he gasnet _handl e_t  val ue f or  an expl i c i t - handl e oper at i on i n- f l i ght  -  i . e.  t o 
i ni t i at e an oper at i on and never  synchr oni ze on i t s  compl et i on.  
 
gasnet _handl e_t  gasnet _get _nb      ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)   
gasnet _handl e_t  gasnet _put _nb      ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)   
 
Non- bl ocki ng get / put  f unct i ons f or  al i gned dat a.  These f unct i ons oper at e si mi l ar l y t o t hei r  bl ocki ng count er par t s,  
except  t hey i ni t i at e a non- bl ocki ng oper at i on and r et ur n i mmedi at el y wi t h a handl e ( gasnet _handl e_t )  whi ch must  l at er  
be used ( by cal l i ng a expl i c i t  syncnb f unct i on) ,  t o synchr oni ze on compl et i on of  t he non- bl ocki ng oper at i on.  The 
cont ent s of  t he dest i nat i on memor y addr ess ar e undef i ned unt i l  a synchr oni zat i on compl et es successf ul l y  f or  t he non-
bl ocki ng oper at i on.  For  t he put  ver si on,  t he sour ce memor y may be saf el y over wr i t t en once t he i ni t i at i on f unct i on 
r et ur ns.  
 
gasnet _handl e_t  gasnet _get _nb_bul k ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)  
gasnet _handl e_t  gasnet _put _nb_bul k ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)  
 
Non- bl ocki ng get / put  f unct i ons f or  bul k ( unal i gned)  dat a.  For  t he put  ver si on,  t he sour ce memor y may _NOT_ be saf el y 
over wr i t t en unt i l  a successf ul  synchr oni zat i on f or  t he oper at i on.  I f  t he cont ent s of  t he sour ce memor y change whi l e 
t he oper at i on i s i n pr ogr ess t he r esul t  wi l l  be i mpl ement at i on- speci f i c.  These ot her wi se behave i dent i cal l y  t o t he 
non- bul k var i ant s ( but  ar e l i kel y t o be opt i mi zed f or  l ar ge t r ansf er s) .  
 
gasnet _handl e_t    gasnet _memset _nb   ( gasnet _node_t  node,  voi d * dest ,  i nt  val ,  s i ze_t  nbyt es)  
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Non- bl ocki ng oper at i on t hat  execut es memset ( dest ,  val ,  nbyt es)  on t he gi ven node ( and has t he same semant i cs as t hat  
f unct i on) .  The synchr oni zat i on behavi or  i s  i dent i cal  t o a non- bl ocki ng expl i c i t - handl e put  oper at i on ( t he 
gasnet _handl e_t  r et ur n val ue must  be synchr oni zed usi ng an expl i c i t - handl e synchr oni zat i on oper at i on) .  
 
Synchr oni zat i on f or  expl i c i t - handl e non- bl ocki ng oper at i ons:  
=========================================================== 
 
GasNET suppor t s t wo basi c t ypes of  synchr oni zat i on f or  non- bl ocki ng oper at i ons -  t r y i ng ( pol l i ng)  and wai t i ng 
( bl ocki ng) .  Al l  expl i c i t - handl e synchr oni zat i on f unct i ons t ake one or  mor e gasnet _handl e_t  val ues as i nput  and ei t her  
r et ur n an i ndi cat i on of  whet her  t he oper at i on has compl et ed or  bl ock unt i l  i t  compl et es.   
 
voi d gasnet _wai t _syncnb( gasnet _handl e_t  handl e)  
i nt   gasnet _t r y_syncnb( gasnet _handl e_t  handl e)  
 
Synchr oni ze on t he compl et i on of  a s i ngl e speci f i ed expl i c i t - handl e non- bl ocki ng oper at i on t hat  was i ni t i at ed by t he 
cal l i ng t hr ead.   
gasnet _wai t _syncnb( )  bl ocks unt i l  t he speci f i ed oper at i on has compl et ed ( or  r et ur ns i mmedi at el y i f  i t  has al r eady 
compl et ed) .  I n any case,  t he handl e val ue i s " dead"  af t er  gasnet _wai t _syncnb( )  r et ur ns and may not  be used i n f ut ur e 
synchr oni zat i on oper at i ons.  
gasnet _t r y_syncnb( )  al ways r et ur ns i mmedi at el y,  wi t h t he val ue GASNET_OK i f  t he oper at i on i s compl et e ( at  whi ch poi nt  
t he handl e val ue i s " dead" ,  and may not  be used i n f ut ur e synchr oni zat i on oper at i ons) ,  or  GASNET_ERR_NOT_READY i f  t he 
oper at i on i s not  yet  compl et e and f ut ur e synchr oni zat i on i s necessar y t o compl et e t hi s oper at i on.  
 
I t  i s  l egal  t o pass GASNET_I NVALI D_HANDLE as i nput  t o t hese f unct i ons -  gasnet _wai t _sync( GASNET_I NVALI D_HANDLE)  
r et ur ns i mmedi at el y and gasnet _t r y_sync( GASNET_I NVALI D_HANDLE)  r et ur ns GASNET_OK.  
 
I t  i s  an er r or  t o pass a gasnet _handl e_t  val ue f or  an oper at i on whi ch has al r eady been successf ul l y  synchr oni zed usi ng 
one of  t he expl i c i t - handl e synchr oni zat i on f unct i ons.  
 
voi d gasnet _wai t _syncnb_al l ( gasnet _handl e_t  * ,  i nt  numhandl es)  
i nt   gasnet _t r y_syncnb_al l  ( gasnet _handl e_t  * ,  i nt  numhandl es)  
 
Synchr oni ze on t he compl et i on of  an ar r ay of  non- bl ocki ng expl i c i t - handl e oper at i ons ( al l  of  whi ch wer e i ni t i at ed by 
t hi s t hr ead) .  numhandl es speci f i es t he number  of  handl es i n t he pr ovi ded ar r ay of  handl es.  gasnet _wai t _syncnb_al l ( )  
bl ocks unt i l  al l  t he speci f i ed oper at i ons have compl et ed ( or  r et ur ns i mmedi at el y i f  t hey have al l  al r eady compl et ed) .  
gasnet _t r y_syncnb_al l  al ways r et ur ns i mmedi at el y,  wi t h t he val ue GASNET_OK i f  al l  t he speci f i ed oper at i ons have 
compl et ed,  or  GASNET_ERR_NOT_READY i f  one or  mor e of  t he oper at i ons i s not  yet  compl et e and f ut ur e synchr oni zat i on i s 
necessar y t o compl et e some of  t he oper at i ons.  
 
Bot h f unct i ons wi l l  modi f y t he pr ovi ded ar r ay t o r ef l ect  compl et i ons -  handl es whose oper at i ons have compl et ed ar e 
over wr i t t en wi t h t he val ue GASNET_I NVALI D_HANDLE,  and t he cl i ent  may t est  agai nst  t hi s val ue when 
gasnet _t r y_syncnb_al l ( )  r et ur ns GASNET_ERR_NOT_READY t o det er mi ne whi ch oper at i ons ar e compl et e and whi ch ar e st i l l  
pendi ng.  
 
I t  i s  l egal  t o pass t he val ue GASNET_I NVALI D_HANDLE i n some of  t he ar r ay ent r i es,  and bot h f unct i ons wi l l  i gnor e i t  so 
t hat  i t  has no ef f ect  on behavi or .  For  exampl e,  i f  al l  ent r i es i n t he ar r ay ar e GASNET_I NVALI D_HANDLE ( or  
numhandl es==0) ,  t hen gasnet _t r y_sync_al l _l i st ( )  wi l l  r et ur n GASNET_OK.  
 
voi d gasnet _wai t _syncnb_some( gasnet _handl e_t  * ,  i nt  numhandl es)  
i nt   gasnet _t r y_syncnb_some ( gasnet _handl e_t  * ,  i nt  numhandl es)  
 
These oper at e anal ogousl y t o t he syncnb_al l  var i ant s,  except  t hey onl y wai t / t est  f or  at  l east  one oper at i on 
cor r espondi ng t o a _val i d_ handl e i n t he pr ovi ded l i st  t o be compl et e ( t he val i d handl es val ues ar e al l  t hose whi ch 
ar e not  GASNET_I NVALI D_HANDLE) .  Speci f i cal l y,  gasnet _wai t _syncnb_some( )  wi l l  bl ock unt i l  at  l east  one of  t he val i d 
handl es i n t he l i st  has compl et ed,  and i ndi cat e t he oper at i ons t hat  have compl et ed by set t i ng t he cor r espondi ng 
handl es t o t he val ue GASNET_I NVALI D_HANDLE.  Si mi l ar l y,  gasnet _t r y_syncnb_some wi l l  check i f  at  l east  one val i d handl e 
i n t he l i st  has compl et ed ( set t i ng t hose compl et ed handl es t o GASNET_I NVALI D_HANDLE)  and r et ur n GASNET_OK i f  i t  
det ect ed at  l east  one compl et i on or  GASNET_ERR_NOT_READY ot her wi se.  
 
Bot h f unct i ons i gnor e GASNET_I NVALI D_HANDLE val ues so t hose val ues have no ef f ect  on behavi or .  I f  t he i nput  ar r ay i s  
empt y or  consi st s onl y of  GASNET_I NVALI D_HANDLE val ues,  gasnet _wai t _sync_some_l i st  wi l l  r et ur n i mmedi at el y and 
gasnet _t r y_sync_some_l i st  wi l l  r et ur n GASNET_OK.  
 
Non- bl ocki ng memor y- t o- memor y t r ansf er s ( i mpl i c i t  handl e)  
========================================================== 
 
voi d gasnet _get _nbi       ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)   
voi d gasnet _put _nbi       ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)   
voi d gasnet _get _nbi _bul k ( voi d * dest ,  gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es)  
voi d gasnet _put _nbi _bul k ( gasnet _node_t  node,  voi d * dest ,  voi d * sr c,  s i ze_t  nbyt es)  
 
Non- bl ocki ng get / put  f unct i ons f or  al i gned and unal i gned ( bul k)  dat a.  These f unct i ons oper at e si mi l ar l y t o t hei r  
expl i c i t - handl e count er par t s,  except  t hey do not  r et ur n a handl e and must  be synchr oni zed usi ng t he i mpl i c i t - handl e 
synchr oni zat i on oper at i ons.  The cont ent s of  t he dest i nat i on memor y addr ess ar e undef i ned unt i l  a synchr oni zat i on 
compl et es successf ul l y  f or  t he non- bl ocki ng oper at i on.  As wi t h t he expl i c i t - handl e var i ant s,  t he sour ce memor y f or  t he 
non- bul k put  oper at i on may be saf el y over wr i t t en once t he i ni t i at i on f unct i on r et ur ns,  but  t he bul k put  ver si on 
r equi r es t he sour ce memor y t o r emai n unchanged unt i l  t he oper at i on has been successf ul l y  compl et ed usi ng a 
synchr oni zat i on.  
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Synchr oni zat i on f or  i mpl i c i t - handl e non- bl ocki ng oper at i ons:  
=========================================================== 
Synchr oni ze on t he out st andi ng i mpl i c i t - handl e non- bl ocki ng oper at i ons.  
 
I n t he case of  mul t i t hr eaded cl i ent s,  i mpl i c i t - handl e synchr oni zat i on f unct i ons onl y synchr oni ze t he i mpl i c i t - handl e 
non- bl ocki ng oper at i ons i ni t i at ed f r om t he cal l i ng t hr ead.  Oper at i ons i ni t i at ed by ot her  t hr eads shar i ng t he GASNet  
i nt er f ace pr oceed i ndependent l y and ar e not  synchr oni zed.  I mpl i c i t - handl e synchr oni zat i on f unct i ons wi l l  synchr oni ze 
oper at i ons i ni t i at ed wi t hi n ot her  f unct i on f r ames by t he cal l i ng t hr ead ( but  t hi s cannot  af f ect  t he cor r ect ness of  
cor r ect l y synchr oni zed code) .  
 
voi d gasnet _wai t _syncnbi _get s( )  
voi d gasnet _wai t _syncnbi _put s( )  
voi d gasnet _wai t _syncnbi _al l ( )  
i nt   gasnet _t r y_syncnbi _get s( )  
i nt   gasnet _t r y_syncnbi _put s( )  
i nt   gasnet _t r y_syncnbi _al l ( )  
 
These f unct i ons i mpl i c i t l y  speci f y a set  of  non- bl ocki ng oper at i ons on whi ch t o synchr oni ze.  They synchr oni ze on a set  
of  out st andi ng non- bl ocki ng i mpl i c i t - handl e oper at i ons i ni t i at ed by t hi s t hr ead -  ei t her  al l  such get s,  al l  such put s,  
or  al l  such put s and get s ( wher e out st andi ng i s def i ned as al l  t hose i mpl i c i t - handl e oper at i ons whi ch have been 
i ni t i at ed ( out si de an access r egi on)  but  not  yet  compl et ed t hr ough a successf ul  i mpl i c i t  synchr oni zat i on) .  The wai t  
var i ant s bl ock unt i l  al l  oper at i ons i n t hi s i mpl i c i t  set  have compl et ed ( i ndi cat i ng t hese oper at i ons have been 
successf ul l y  synchr oni zed) .  The t r y var i ant s t est  whet her  al l  oper at i ons i n t he i mpl i c i t  set  have compl et ed,  and 
r et ur n GASNET_OK i f  so ( whi ch i ndi cat es t hese oper at i ons have been successf ul l y  synchr oni zed)  or  GASNET_ERR_NOT_READY 
ot her wi se ( i n whi ch case _none_ of  t hese oper at i ons may be consi der ed successf ul l y  synchr oni zed) .   
 
I f  t her e ar e no out st andi ng i mpl i c i t - handl e oper at i ons,  t hese synchr oni zat i on f unct i ons al l  r et ur n i mmedi at el y ( wi t h 
GASNET_OK f or  t he t r y var i ant s) .  
 
I mpl ement or ' s Not e:  
Some i mpl ement at i ons may choose t o synchr oni ze oper at i ons f r om ot her  i ndependent  t hr eads as wel l ,  but  t hey must  ensur e 
pr ogr ess f or  t he cal l i ng t hr ead i n t he pr esence of  anot her  t hr ead whi ch i s cont i nuousl y i ni t i at i ng i mpl i c i t - handl e 
non- bl ocki ng oper at i ons.  
 
I mpl i c i t  access r egi on synchr oni zat i on 
====================================== 
I n some cases,  i t  may be usef ul  or  desi r abl e t o i ni t i at e a number  of  non- bl ocki ng shar ed- memor y oper at i ons ( possi bl y 
wi t hout  knowi ng how many at  compi l e- t i me)  and synchr oni ze t hem at  a l at er  t i me usi ng a si ngl e,  f ast  synchr oni zat i on.   
Si mpl e i mpl i c i t  handl e synchr oni zat i on may not  be appr opr i at e f or  t hi s s i t uat i on i f  t her e ar e i nt er veni ng i mpl i c i t  
accesses whi ch ar e not  t o be synchr oni zed.  
Thi s s i t uat i on coul d be handl ed usi ng expl i c i t - handl e non- bl ocki ng oper at i ons and a l i st  synchr oni zat i on ( e. g.  
gasnet _wai t _syncnb_al l ( ) ) ,  but  t hi s may not  be desi r abl e because i t  r equi r es managi ng an ar r ay of  handl es ( whi ch coul d 
have negat i ve cache ef f ect s on per f or mance,  or  coul d be expensi ve t o al l ocat e when t he si ze i s not  known unt i l  
r unt i me) .  
To handl e t hese cases,  we pr ovi de " i mpl i c i t  access r egi on"  synchr oni zat i on,  descr i bed bel ow.  
 
voi d            gasnet _begi n_nbi _accessr egi on( ) ;  
gasnet _handl e_t  gasnet _end_nbi _accessr egi on( ) ;  
 
gasnet _begi n_nbi _accessr egi on( )  and gasnet _end_nbi _accessr egi on( )  ar e used t o def i ne an i mpl i c i t  access r egi on ( any 
code whi ch dynami cal l y execut es bet ween t he begi n and end cal l s  i s  sai d t o be " i nsi de"  t he r egi on)  
The begi n and end cal l s  must  be pai r ed,  and may not  be nest ed r ecur si vel y or  t he r esul t s ar e undef i ned.  
I t  i s  er r oneous t o cal l  any i mpl i c i t - handl e synchr oni zat i on f unct i on wi t hi n t he access r egi on.  
Al l  i mpl i c i t - handl e non- bl ocki ng oper at i ons i ni t i at ed i nsi de t he r egi on become " associ at ed"  wi t h t he abst r act  access 
r egi on handl e bei ng const r uct ed.  gasnet _end_nbi _accessr egi on( )  r et ur ns an expl i c i t  handl e whi ch col l ect i vel y 
r epr esent s al l  t he associ at ed i mpl i c i t - handl e oper at i ons ( t hose i ni t i at ed wi t hi n t he access r egi on) .   
Thi s handl e can t hen be passed t o t he r egul ar  expl i c i t - handl e synchr oni zat i on f unct i ons,  and wi l l  be successf ul l y  
synchr oni zed when al l  of  t he associ at ed non- bl ocki ng oper at i ons i ni t i at ed i n t he access r egi on have compl et ed.   
The associ at ed oper at i ons cease t o be i mpl i c i t - handl e oper at i ons,  and ar e _not _ synchr oni zed by subsequent  cal l s  t o 
t he i mpl i c i t - handl e synchr oni zat i on f unct i ons occur r i ng af t er  t he access r egi on ( e. g.  gasnet _wai t _syncnbi _al l ( ) ) .  
Expl i c i t - handl e oper at i ons i ni t i at ed wi t hi n t he access r egi on oper at e as usual  and do _not _ become associ at ed wi t h t he 
access r egi on.  
 
Sampl e code:  
 
  gasnet _begi n_nbi _accessr egi on( ) ;  / /  begi n t he access r egi on 
 
  gasnet _put _nbi _shar ed( . . . ) ;  / /  becomes associ at ed wi t h t hi s access r egi on 
  whi l e ( . . . )  {  
    gasnet _put _nbi _shar ed( . . . ) ;  / /  becomes associ at ed wi t h t hi s access r egi on 
  }  
 
  h2 = gasnet _get _nb_shar ed( . . . ) ;  / /  unr el at ed expl i c i t - handl e oper at i on not  associ at ed wi t h access r egi on 
  gasnet _wai t _syncnb( h2) ;  
 
  handl e = gasnet _end_nbi _accessr egi on( ) ;  / /  end t he access r egi on and get  t he handl e 
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  . . . .  / /  ot her  code,  whi ch may i ncl ude unr el at ed i mpl i c i t - handl e oper at i ons+syncs,  or  ot her  r egi ons,  et c 
 
  gasnet _wai t _syncnb( handl e) ;  / /  wai t  f or  al l  t he oper at i ons associ at ed wi t h t he access r egi on t o compl et e 
 
Regi st er - memor y oper at i ons 
========================== 
Regi st er - memor y oper at i ons al l ow cl i ent  code t o avoi d f or ci ng communi cat ed dat a t o pass t hr ough t he l ocal  memor y 
syst em.  Some i nt er connect s may be abl e t o t ake advant age of  t hi s capabi l i t y  and l aunch r emot e put s di r ect l y f r om 
r egi st er s or  r eci eve r emot e get s di r ect l y i nt o r egi st er s.  
 
Val ue Put  
========= 
voi d            gasnet _put _val     ( gasnet _node_t  node,  voi d * dest ,  gasnet _r egi st er _val ue_t  val ue,  s i ze_t  nbyt es) ;  
gasnet _handl e_t  gasnet _put _nb_val  ( gasnet _node_t  node,  voi d * dest ,  gasnet _r egi st er _val ue_t  val ue,  s i ze_t  nbyt es) ;  
voi d            gasnet _put _nbi _val ( gasnet _node_t  node,  voi d * dest ,  gasnet _r egi st er _val ue_t  val ue,  s i ze_t  nbyt es) ;  
 
Regi st er - t o- r emot e- memor y put  -  t hese f unct i ons t ake t he val ue t o be put  as i nput  par amet er  t o avoi d f or ci ng out goi ng 
val ues t o l ocal  memor y i n c l i ent  code.   
Ot her wi se,  t he behavi or  i s  i dent i cal  t o t he memor y- t o- memor y ver si ons of  put  above 
r equi r es:  nbyt es > 0 && nbyt es <= SI ZEOF_GASNET_REGI STER_VALUE_T 
The val ue wr i t t en t o t he t ar get  addr ess i s a di r ect  byt e copy of  t he 8* nbyt es l ow- or der  bi t s of  val ue,  wr i t t en wi t h 
t he endi anness appr opr i at e f or  an nbyt es i nt egr al  val ue on t he cur r ent  ar chi t ect ur e 
t he non- bl ocki ng f or ms of  val ue put  must  be synchr oni zed usi ng t he expl i c i t  or  i mpl i c i t  synchr oni zat i on f unct i ons 
def i ned above,  as appr opr i at e 
 
Bl ocki ng Val ue Get  
================== 
 
gasnet _r egi st er _val ue_t  gasnet _get _val  ( gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es) ;  
 
Bl ocki ng val ue get  -  t hi s f unct i on r et ur ns t he f et ched val ue t o avoi d f or ci ng i ncomi ng val ues t o l ocal  memor y i n 
gener at ed code ( on ar chi t ect ur es whi ch pass t he r et ur n val ue i n a r egi st er )   
Ot her wi se,  t he behavi or  i s  i dent i cal  t o t he memor y- t o- memor y bl ocki ng get  
r equi r es:  nbyt es > 0 && nbyt es <= SI ZEOF_gasnet _REGI STER_VALUE_T 
The val ue r et ur ned i s t he one obt ai ned by r eadi ng t he nbyt es byt es st ar t i ng at  t he sour ce addr ess wi t h t he endi anness 
appr opr i at e f or  an nbyt e i nt egr al  val ue on t he cur r ent  ar chi t ect ur e and set t i ng t he hi gh- or der  bi t s ( i f  any)  t o zer o 
( i . e.  no si gn- ext ensi on)  
 
Non- Bl ocki ng Val ue Get  ( expl i c i t - handl e)  
======================================== 
Thi s oper at es si mi l ar l y t o t he bl ocki ng f or m of  val ue get ,  but  i s  spl i t - phase 
spl i t - phase val ue get s ar e synchr oni zed i ndependent l y of  al l  ot her  oper at i ons i n gasnet  
 
t ypedef  ??? gasnet _val get _handl e_t ;  
 
gasnet _val get _handl e_t  gasnet _get _nb_val ( gasnet _node_t  node,  voi d * sr c,  s i ze_t  nbyt es) ;  
 
gasnet _r egi st er _val ue_t  gasnet _wai t _syncnb_val get ( gasnet _val get _handl e_t  handl e) ;  
 
gasnet _get _nb_val  i ni t i at es a non- bl ocki ng val ue get  and r et ur ns an expl i c i t  handl e whi ch MUST be synchr oni zed usi ng 
gasnet _wai t _syncnb_val get ( )  
gasnet _wai t _syncnb_val get ( )  synchr oni zes an out st andi ng get _nb_val  oper at i on and r et ur ns t he r et r i eved val ue as 
descr i bed f or  t he bl ocki ng ver si on 
Not e t hat  gasnet _val get _handl e_t  and gasnet _handl e_t  ar e compl et el y di f f er ent  dat at ypes and may not  be i nt er mi xed 
( i . e.  gasnet _val get _handl e_t ' s  cannot  be used wi t h ot her  expl i c i t  synchr oni zat i on f unct i ons,  and gasnet _handl e_t ' s  
cannot  be passed t o gasnet _wai t _syncnb_val get ( )  
The gasnet _val get _handl e_t  t ype i s compl et el y opaque ( wi t h no speci al  " i nval i d"  val ue) ,  al t hough i mpl ement or s ar e 
r ecommended t o make si zeof ( gasnet _val get _handl e_t )  <= si zeof ( gasnet _r egi st er _val ue_t )  t o f aci l i t at e r egi st er  r euse 
Ther e i s no t r y var i ant  of  val ue get  synchr oni zat i on,  and no i mpl i c i t - handl e var i ant  
 
Bar r i er s:  
========= 
Execut e a par al l el  spl i t - phase bar r i er  wi t h t he gi ven bar r i er  i dent i f i er  acr oss al l  nodes i n t he j ob.   
Not e t hat  t he bar r i er  wai t / not i f y  f unct i ons shoul d onl y be cal l ed once ( i . e.  by one r epr esent at i ve t hr ead)  on each 
node per  bar r i er  phase.  
The cl i ent  must  synchr oni ze i t s  own accesses t o t he bar r i er  f unct i ons and ensur e t hat  onl y one t hr ead i s ever  i nsi de a 
gasnet  bar r i er  f unct i on at  a t i me ( esp.  gasnet _bar r i er _t r y( ) ) .  
 
voi d gasnet _bar r i er _not i f y( i nt  i d)  
 
Execut e t he not i f i cat i on f or  a spl i t - phase bar r i er ,  wi t h a bar r i er  val ue 
Thi s i s  a non- bl ocki ng oper at i on t hat  compl et es i mmedi at el y af t er  not i ng t he bar r i er  val ue 
No synchr oni zat i on i s per f or med on out st andi ng non- bl ocki ng memor y oper at i ons  
Gener at es a f at al  er r or  i f  t hi s i s  t he second cal l  t o gasnet _bar r i er _not i f y( )  on t hi s node si nce t he l ast  cal l  t o 
gasnet _bar r i er _wai t ( )  or  t he begi nni ng of  t he pr ogr am 
I f  i d == GASNET_ANONYMOUS_BARRI ER t hen t he bar r i er  i s  anonymous and has no speci f i c  i d.   
 
i nt  gasnet _bar r i er _wai t ( i nt  i d)  



 27

 
Execut e t he wai t  f or  a spl i t - phase bar r i er ,  wi t h a bar r i er  val ue.  
Thi s i s  a bl ocki ng oper at i on t hat  r et ur ns onl y af t er  al l  r emot e nodes have cal l ed gasnet _bar r i er _not i f y( ) .  
No synchr oni zat i on i s per f or med on out st andi ng non- bl ocki ng memor y oper at i ons .  
 
Gener at es a f at al  er r or  i f  t her e wer e no pr ecedi ng cal l s  t o gasnet _bar r i er _not i f y( )  on t hi s node,  or  i f  t hi s i s  t he 
second cal l  t o gasnet _bar r i er _wai t ( )  ( or  successf ul  cal l  t o gasnet _bar r i er _t r y( ) )  s i nce t he l ast  cal l  t o 
gasnet _bar r i er _not i f y( )  on t hi s node.  
On a GASNET_PAR or  GASNET_PARSYNC conf i gur at i on,  t he t hr ead cal l i ng gasnet _bar r i er _not i f y( )  i s  per mi t t ed t o di f f er  
f r om t he t hr ead whi ch cal l s  t he pai r ed gasnet _bar r i er _wai t ( ) ,  but  t he or der i ng bet ween t he cal l s  must  st i l l  be 
mai nt ai ned.  
Ret ur ns GASNET_ERR_BARRI ER_MI SMATCH i f  t he suppl i ed bar r i er val  doesn' t  mat ch t he val ue pr ovi ded i n t he pr ecedi ng 
gasnet _bar r i er _not i f y( )  cal l  made by t hi s node or  any ot her  node i n t hi s synchr oni zat i on phase.  
Ot her wi se,  r et ur ns GASNET_OK t o i ndi cat e t hat  al l  nodes have cal l ed a mat chi ng gasnet _bar r i er _not i f y( )  and t he bar r i er  
phase i s compl et e.  
 
i nt  gasnet _bar r i er _t r y( i nt  i d)  
 
gasnet _bar r i er _t r y( )  f unct i ons si mi l ar l y t o gasnet _wai t ( ) ,  except  t hat  i t  al ways r et ur ns i mmedi at el y.   
I f  t he bar r i er  has been not i f i ed by al l  nodes,  t he cal l  behaves as a cal l  t o gasnet _bar r i er _wai t ( )  wi t h t he same 
bar r i er val ,  and r et ur ns GASNET_OK ( or  GASNET_ERR_BARRI ER_MI SMATCH i n t he case a mi smat ch i s det ect ed)  
I f  t he bar r i er  has not  yet  been not i f i ed by some node,  t he cal l  i s  a no- op and r et ur ns t he val ue GASNET_ERR_NOT_READY 
Gener at es a f at al  er r or  i f  t her e wer e no pr ecedi ng cal l s  t o gasnet _bar r i er _not i f y( )  on t hi s node,  or  i f  t hi s i s  t he 
second cal l  t o gasnet _bar r i er _wai t ( )  ( or  successf ul  cal l  t o gasnet _bar r i er _t r y( ) )  s i nce t he l ast  cal l  t o 
gasnet _bar r i er _not i f y( )  on t hi s node 
 
#def i ne GASNET_BEGI N_FUNCTI ON( )  ??? 
 
Thi s macr o may _opt i onal l y_ be pl aced at  t he t op of  f unct i ons whi ch make cal l s  t o t he ext ended API .  I t  has no r unt i me 
semant i cs,  but  i t  may pr ovi de a per f or mance boost  on some i mpl ement at i ons ( especi al l y  i n f unct i ons whi ch make mul t i pl e 
cal l s  t o t he ext ended API  -  e. g.  i t  pr ovi des t he i mpl ement at i on wi t h a pl ace f or  mi ni mal  per - f unct i on i ni t i al i zat i on 
or  t empor ar y st or age t hat  may be hel pf ul  i n amor t i z i ng i mpl ement at i on- speci f i c  over heads) .   
When used,  i t  must  appear  onl y at  t he ver y begi nni ng of  t he f unct i on ( bef or e any decl ar at i ons or  cal l s  t o t he API  i n 
t hat  f unct i on) .    
 

 


