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MULTI-SYSTEM DEADLOCK REDUCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates in general to comput 
ers, and more particularly to a method, system, and computer 
program product for reducing deadlock in multi-system com 
puting environments. 
[0003] 2. Description of the Related Art 
[0004] Computers and computer systems are found in a 
variety of settings in today’s society. Computing environ 
ments and netWorks may be found at home, at Work, at school, 
in government, and in other settings. Computing environ 
ments increasingly store data in one or more storage environ 
ments, Which in many cases are remote from the local inter 
face presented to a user. 

[0005] These computing storage environments may use 
many storage devices such as disk drives, often Working in 
concert, to store, retrieve, and update a large body of data, 
Which may then be provided to a host computer requesting or 
sending the data. In some cases, a number of data storage 
subsystems are collectively managed as a single data storage 
system. These sub systems may be managed by ho st “sysplex” 
(system complex) con?gurations that combine several pro 
cessing units or clusters of processing units. In this Way, 
multi-system computing environments may be used to orga 
niZe and process large quantities of data. 

SUMMARY OF THE INVENTION 

[0006] In many of today’s applications, operable in such 
multi-system computing environments, there arises a need to 
obtain system resources that may be held by other threads 
Within the same application, or by other applications across a 
sysplex. One such application that utiliZes this methodology 
is VSAM (Virtual Storage Access Method) Record Level 
Sharing (RLS). This mechanism alloWs for sharing of VSAM 
datasets doWn to the record level, and alloWs such sharing 
across an entire sysplex. 

[0007] While mechanisms such as RLS include a deadlock 
detection scheme, these mechanisms are useful to detect 
problems With individual records being deadlocked by mul 
tiple transactions. Currently there is no mechanism to serial 
iZe betWeen a variety of resource types, such as record locks, 
special locks, enqueues, internal latches, buffers, device 
reserves, cache entries, and the like. This may lead to de? 
ciencies in deadlock detection and reduction, as a heavily 
used sysplex utiliZing mechanisms such as RLS may have any 
number of requests for resources pending for various 
resources on various sysplexes at any one time. In vieW of the 
foregoing, a need exists for a mechanism to detect, recover 
from, and reduce system deadlocks in multiple-system/mul 
tiple-sysplex computing environments that more adequately 
addresses the potential issues described previously. 
[0008] Accordingly, various embodiments for reducing 
deadlock in multi-system computing environments are pro 
vided. In one such embodiment, by Way of example only, a 
method for reducing deadlock in multi-system computing 
environments is provided. A set of default, current Wait times 
is initialiZed for resource requests of each of a plurality of 
resources. A plurality of resource holders and resource Wait 
ers is monitored Within an address space of the multi-system 
computing environment. If one resource holder of the plural 
ity of resource holders of one of the plurality of resources is 
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determined to be one resource Waiter on another of the plu 
rality of resources, a current Wait time for the one resource 
holder is incremented and a deadlock indicator for both the 
one resource holder and the one resource Waiter is activated. 

Subsequent to the expiration of a prede?ned interval, Which 
of the plurality of resource holders and resource Waiters hav 
ing an active deadlock indicator is aggregated. The plurality 
of resource holders and resource Waiters is parsed through to 
determine an original resource holder, indicating a system 
deadlock. Pursuant to detecting the system deadlock, Which 
of the plurality of resource holders associated With the system 
deadlock having a loWest current Wait time is restarted. 
[0009] In addition to the foregoing exemplary embodiment, 
various system and computer program embodiments are pro 
vided and supply related advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In order that the advantages of the invention Will be 
readily understood, a more particular description of the inven 
tion brie?y described above Will be rendered by reference to 
speci?c embodiments that are illustrated in the appended 
draWings. Understanding that these draWings depict only 
typical embodiments of the invention and are not therefore to 
be considered to be limiting of its scope, the invention Will be 
described and explained With additional speci?city and detail 
through the use of the accompanying draWings, in Which: 
[0011] FIG. 1 illustrates an exemplary multi-system data 
storage computing environment Which may implement 
aspects of the present invention; 
[0012] FIG. 2 illustrates an exemplary processing device 
operational in the multi-system data storage computing envi 
ronment shoWn in FIG. 1, in Which aspects of the present 
invention may be implemented; 
[0013] FIG. 3A illustrates various system holders of, and 
Waiters for, resources organiZed by a resource type in table 
form; 
[0014] FIG. 3B illustrates the tables previously illustrated 
in FIG. 3A subsequent to implementations of aspects of the 
present invention; and 
[0015] FIG. 4 illustrates an exemplary method for reducing 
deadlock in multi-system computing environments. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] The illustrated embodiments beloW provide mecha 
nisms for reducing deadlock in multiple system computing 
environments. In one embodiment, these mechanisms moni 
tor requests for all resources held by various address spaces in 
the computing environment, such as all VSAM RLS address 
spaces, along With current Program Status Words (PSW) 
associated With the spaces. These requests may then be trans 
ferred to all instances of VSAM RLS jobs, for example, 
across multiple sysplexes. 
[0017] Using user-de?ned time out limits for the various 
resources, each instance may determine if they are holding 
resources that are in need by other threads on either the same 
system or differing systems. If the PSW associated With the 
offending threads does not change in the allotted time, these 
threads may then be restarted to alloW Waiting threads to 
move forWard. 

[0018] FIG. 1 illustrates an exemplary multi-system com 
puting environment, speci?cally a data storage system 20, in 
Which aspects of the present invention may be implemented. 
The data storage system 20 provides storage for host systems 
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18, 19. The data storage system 20, in one embodiment, 
employs four (4) virtual tape server clusters 30 intercon 
nected by a network 80 With each cluster 30 including a 
virtualiZation node (“VN”) 40 and a disk storage (“DK”) 50 
for emulating a tape drive or tape library to hosts 18, 19. Each 
cluster further comprises a hierarchical storage node 
(“HSN”) 60 for locally moving data betWeen disk storage 50 
and an automated tape library (“ATL”) 70 as Well as remotely 
moving data betWeen a local disk storage 50 and a remote disk 
storage. 
[0019] Examples of disk storage comprise one or more disk 
drives, for example, arranged as a redundant array of inde 
pendent disks (RAID) or just a bunch of disks (JBOD), or 
solid state disk (SSD), etc. Herein, a data storage system 
having both disk storage 50 and an automated tape library 70 
is called a “composite library.” An example of a data storage 
system 20 Which may implement the present invention com 
prises the IBM® TS7700 Virtual Tape Server, Which may 
provide disaster recoverable virtual tape storage functionality 
to users. 

[0020] Each host system 18, 19 may be considered a host 
sysplex as previously described. As can be seen, and as one of 
ordinary skill in the art Will appreciate, each of the systems 18 
and 19 are interconnected betWeen storage clusters 30 over 
netWork 80. Accordingly, and as previously described, an 
application operable on one sysplex 18 may hold or Wait for 
a system resource Waited for or held by an additional sysplex 
19. In addition, one thread of the application may Wait on the 
same resource held by another thread of the same application. 

[0021] FIG. 2, folloWing, illustrates various processing and 
other computing components 200 Which, in one embodiment, 
may comprise portions of the multi-system computing envi 
ronment depicted in FIG. 1 as one of ordinary skill in the art 
Will appreciate, such as portions of the host sysplexes 18,19. 
The components 200 include server 202. Server 202 com 
prises a processor 204 and a memory 206, such as random 
access memory (RAM). The server 202 is operatively 
coupled to a display 222, Which presents images such as 
WindoWs to the user on a graphical user interface 218. The 
server 202 may be coupled to other devices, such as a key 
board 214, a mouse device 216, a printer, etc. Of course, those 
of ordinary skill in the art Will recogniZe that any combination 
of the above components, or any number of different compo 
nents, peripherals, and other devices, may be used With the 
server 202. 

[0022] Generally, the server 202 operates under control of 
an operating system (OS) 208 (eg Z/OS, OS/2, LINUX, 
UNIX, WINDOWS, MAC OS) stored in the memory 206, 
and interfaces With the user to accept inputs and commands 
and to present results, for example through a graphical user 
interface (GUI) module 232. In one embodiment of the 
present invention, the monitoring mechanisms as Will be fur 
ther described are facilitated by the OS 208. Although the 
GUI module 232 is depicted as a separate module, the instruc 
tions performing the GUI functions can be resident or distrib 
uted in the operating system 208, the application program 
210, or implemented With special purpose memory and pro 
cessors. Server 202 also optionally comprises an external data 
communication device 230 such as a modem, satellite link, 
Ethernet card, Wireless link or other device for communicat 
ing With other computers, eg via the Internet or other net 
Work. 

[0023] The server 202 implements a compiler 212 that 
alloWs the application program 210 Written in a programming 
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language such as COBOL, PL/l, C, C++, JAVA, ADA, 
BASIC, VISUAL BASIC or any other programming lan 
guage to be translated into code that is readable by the pro 
cessor 204. After completion, the application program 210 
accesses and manipulates data stored in the memory 206 of 
the computer 202 using the relationships and logic that Was 
generated using the compiler 212. A number of threads may 
be operational on application 210 as previously indicated. 
Each thread may hold or Wait to hold a system resource of 
server 202 or of another portion of the multi-system comput 
ing environment. Since server 202 is intended to indicate only 
a portion of the multi-system computing environment, one of 
ordinary skill in the art Will appreciate that additional appli 
cation programs 210 may be operational in other systems, etc. 
[0024] Operating system 208 includes a monitoring mod 
ule 240. The monitoring module may operate in conjunction 
With program(s) 210, and other components 200, to imple 
ment deadlock monitoring operations for a multi-system 
computing environment such as that shoWn in FIG. 1. In one 
embodiment, the monitoring module 240 is adapted to per 
form various methodologies that Will be further described, 
such as creating, maintaining, and monitoring a number of 
tables of resource types identifying a particular system 
resource, a thread holding the resource (or “resource 
holder”), a thread Waiting for the resource (or “resource 
Waiter”), and an associated PSW, for example. As one skilled 
in the art Will appreciate, hoWever, various additional com 
ponents of the environment 200 may Work individually or in 
concert to de?ne, initialiZe, and perform the backup function 
ality as Will be further described. 
[0025] The mechanisms of the present invention alloW for 
complex resource allocation applications, such as SMS 
VSAM (the job name of VSAM RLS), to process at full 
capacity Without the potential for deadlocks. In addition, the 
mechanisms avoid transactions being held because a subse 
quent thread cannot, for Whatever reason, complete. As a 
result, the ef?ciency and overall reliability of the multi-sys 
tem computing environment is enhanced. 
[0026] In one embodiment of the present invention, a set of 
default, current Wait times are initialiZed for various resource 
requests. These resource requests may include enqueues, 
buffers, locks, caches, latches, and the like as one of ordinary 
skill in the art Will appreciate. An interval value is de?ned 
betWeen deadlock checks. The default, current Wait times, 
and interval values may be adjusted by a user, for example, 
depending on hoW long the user Wishes the mechanisms of the 
present invention to Wait to perform various actions. 
[0027] As Was previously indicated, various tables (as Will 
be described in detail, folloWing), may be constructed. In one 
embodiment, these tables may be organiZed by resource type 
that a thread updates With the name of a respective resource, 
the Task Control Block (TCB) address, the system to Which it 
belongs to, and Whether it holds the resource or is Waiting for 
the resource. The current Wait time may be initially set to Zero, 
although this value may also be varied for a particular situa 
tion. 

[0028] The monitoring module 240, for example, may 
execute functionality added to jobs such as SMSVSAM. This 
functionality my include implementing a monitoring thread 
that monitors all tables Within a particular address space. If a 
particular thread is a neW resource holder, then the current 
PSW may be stored in the table. For all other resource hold 
ers, the monitor may check if the TCB is a Waiter on a 
different table for another resource. If it is Waiting, then a 
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deadlock bit may be turned on in both the holding and Waiting 
entry to notify the thread that this holder is, in fact, Waiting on 
another resource, and the Wait count is incremented. If the 
resource is not Waiting on any other resources, then the PSW 
of the resource may be compared against the TCB’s current 
PSW. If the TCB’s current PSW is the same, and it is deter 
mined that a Waiting resource exists, then the Wait count may 
be incremented. If this is not the case, then the neW PSW may 
be stored, and the Wait count reset. 
[0029] If the monitoring thread detects a resource Waiter, it 
may parse through entries in the same table for the corre 
sponding holder. If none are detected, this indicates that the 
holder is on a different system. This instance of the monitor 
ing thread Will then send the Waiter to all other instances of 
monitoring threads, so that each system Will have a copy of 
the Waiting thread. This alloWs the other systems the knoWl 
edge that their requests might be having an affect on other 
monitoring threads, and action should be taken to start incre 
menting the Wait counts on the resource holders. Once a 
system detects that it has the thread holding up the resource, 
the holder may be sent back to that system. This alloWs every 
system to have a complete list of resource holder/Waiters that 
are relevant to processing. 

[0030] A thread may be restarted in one of tWo Ways. First, 
if the interval has expired, and no evidence is found that the 
thread is Waiting on any of the other knoWn resources, then 
the thread may go through recovery to back out any changes 
made, and then rerun using the input parameters originally 
given. This alloWs other threads behind the stalled thread to 
continue on and have a chance to access the resource. In some 

cases, this repairs a deadlock not detected by any detection 
algorithms. 
[0031] The thread may also be restarted pursuant to a dead 
lock detection algorithm, Which Will be further explained, 
folloWing. In one embodiment, for example, subsequent to 
the expiration of the time interval, this algorithm aggregates 
all holders and Waiters (from each table) having an active 
deadlock. Since all Waiters are transferred to every system at 
the time the request Was issued, there is no need to poll the 
other systems to gather their holders and Waiters. The algo 
rithm parses doWn a list of all holders collected, and for each 
entry the algorithm looks for a corresponding Wait entry. If 
one is found, then it checks that resource’s holder and looks 
for another Waiter, and so on, until it either doesn’t detect 
another Waiter, or it comes back to the original holder. 

[0032] If a thread holds a resource and is not Waiting on any 
other resource, then that holder is taken off the list of aggre 
gated holders and Waiters. In addition, all of their holders 
searched through may be taken off as Well in order to speed up 
the process. As a next step, the next holder may be selected 
and the process repeated. HoWever, if a deadlock is detected, 
then the algorithm then may restart the thread With the loWest 
Wait count (since it Was the neWest request), in the same Way 
as it restarts a thread that timed out. The corresponding 
threads are taken off the holding list and the deadlock algo 
rithm continues With the remaining entries. Finally, if the 
deadlock algorithm decides that a thread on another system 
needs to be terminated, then a request may be sent to that 
system requesting that it be restarted. 
[0033] Turning noW to FIG. 3A, an exemplary set of tables 
300 for various resource types are shoWn. In a ?rst system 
(System 1) 302, a number of enqueues are collected into table 
306. For each designated resource (column 308), a holder 
(column 310) and a Waiter (column 312) are speci?ed. For 
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example, for resource SYSZSCM7 314, Task 1 (316) is des 
ignated as the reference holder, and Tasks 2 and 3 (318) are 
designated as the resource Waiters. 

[0034] Continuing to table 322, a number of latches are 
collectively gathered. Here again, the designated resource 
(column 324), along With the resource holder (column 326) 
and resource Waiter (column 328) is shoWn. For example, a 
certain cleanup latch 330 is held by Task 7 (332) and Waited 
to be held by Task 3 (334). 
[0035] In a separate system 304 (System 2) of the multi 
system computing environment, a table 336 is maintained of 
enqueues. Here again, a speci?c resource is designated in 
column 338, the holder in column 340 and Waiters in column 
342. In the ?rst entry example, resource SYSZSCM7 (the 
same resource delineated in table 306), While it is knoWn in 
system 302 that Task 1 is the holder (ostensibly because task 
1 is operable in system 1), it is unknoWn by system 304, 
although Task 4 Waits for it (as shoWn in boxes 344, 346, and 
348). Similarly, While resource SYSEOM in table 306 has an 
unknoWn holder (i.e., box 320), it is knoWn in table 336 that 
the resource is held by Task 8. 

[0036] The example entries in tables 306, 322, and 336 
demonstrate that tasks may Wait on resources held by other 
systems, and resources on other systems may be held Without 
the knoWledge that additional Waiters and/or holders may 
exist on different systems. Additionally, tasks may hold more 
than one resource, but may only Wait on one, since Waiting on 
a resource effectively stalls the thread until the resource is 
granted. 
[0037] Turning noW to FIG. 3B, tables 306, 322, and 336 
are shoWn folloWing implementations of various mechanisms 
of the present invention as previously described. As is seen, 
Tables 306, 322, and 336 include the various columns and 
boxes 308-346 previously described indicating speci?c 
resources, resource holders, and resource Waiters. Here, hoW 
ever, because of intercommunication betWeen systems and 
their respective tables, the resource holders and resource 
Waiters betWeen systems are knoWn. For example, resource 
SYSVSAM in table 306 (box 320) Was previously held by an 
unknoWn holder. Once monitoring activities are commenced, 
it becomes knoWn that SYSVSAM is held by Task 13 in 
System 2 (SYS2Task13). Similarly, previously it Was 
unknoWn Which thread held resource SYSZSCM7 in System 
2 (box 346). It is noW knoWn that this resource is held by Task 
1 in System 1 (SYS1Task1). 
[0038] Once the various tables 306, 322, and 336 are 
updated accordingly pursuant to the monitoring mechanisms 
of the present invention, they may then act to detect similar 
Waiters/holders having the active deadlock indicator. To this 
regard, the mechanisms parse through the holders/Waiters to, 
for example, take a particular resource Waiter and ?nd the 
holder, then moving to the resource the holder is Waiting on, 
etc., until the mechanisms eventually ?nd the original 
resource holder and Waiter, if any. This indicates a system 
deadlock. The mechanisms then operate to recover from the 
deadlock in various means as Will be subsequently described, 
such as restarting a particular stalled thread. 

[0039] Turning to FIG. 4, folloWing, an exemplary method 
400 for reducing deadlock in multi-system computing envi 
ronments is depicted. Method 400 depicts various mecha 
nisms for monitoring, detecting, and resolving system dead 
locks as previously indicated. As one of ordinary skill in the 
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art will anticipate, however, various steps in the method 400 
may be modi?ed or omitted to suit a particular implementa 
tion or application. 
[0040] Method 400 begins (step 402) with the initialization 
of a set of default, current wait times for each of a number of 
resource requests within the multi-system computing envi 
ronment (step 404). In step 408, following, an interval value 
is set between deadlock checks. A set of monitoring tables is 
constructed for various resource types as previously depicted 
in FIGS. 3A and 3B (step 410). The monitoring mechanisms 
then begin to operate to monitor the states of the various 
resources (step 412). 
[0041] If a new resource holder is found in a particular 
system (step 414), it’s current PSW is stored in the table, and 
is sent to the remaining tables across the multi-system envi 
ronment (step 416). If, instead, the TCB indicates that the 
thread is a resource waiter on a differing table for another 
resource (step 418), then the deadlock indicator (in this case, 
a bit) is activated for both the holding and the waiting entry in 
the table (step 420) and the current wait count is incremented 
(step 422). Next (or alternatively to step 418), the PSW of the 
examined thread is compared against the TCB’s current PSW 
(step 424). If the PSWs are the same, and there is a waiting 
resource (step 426), then the current wait count is incre 
mented (step 428). If not, the new PSW is stored in the table 
and the current wait count is reset (step 430). 
[0042] If the monitoring mechanisms detect a resource 
waiter (step 432), the system table the resource waiter corre 
sponds to is also examined for a corresponding resource 
holder (step 434). If no holder is detected in the same table 
(step 436), then the resource waiter information is sent to all 
other job instances (e.g., all SMSVSAM instances) on addi 
tional systems (step 438) as previously described. 
[0043] The method 400 waits (step 442) for an expiration of 
the interval value. When this occurs (step 440), the method 
400 queries whether any of the resource waiters show no 
proof of waiting on any of the other known resources (step 
444). If this is true, then the resource waiter (the correspond 
ing thread) is restarted using the thread’s original input 
parameters (step 446). The method aggregates all of the hold 
ers and waitcrs having an active dcadlock indicator (step 448) 
as previously described. As a following step, the list of aggre 
gated holders/waiters is parsed through to determine an origi 
nal resource holder and waiter, if any (step 450). If a holder is 
determined to be not waiting on another resource (step 452), 
it is removed from the aggregate list (step 454). If the original 
resource holder ultimately located (step 456) (again, indicat 
ing a system deadlock), the resource holder associated with 
the system deadlock having a lowest current wait time is 
restarted (step 458) to resolve the deadlock. Corresponding 
threads to the identi?ed deadlock are removed (step 460) and 
the method 400 continues parsing through remaining entries 
in the aggregated list (step 462, returning to step 450) until no 
additional entries are found. The method then ends (step 464). 
[0044] As will be appreciated by one of ordinary skill in the 
art, aspects of the present invention may be embodied as a 
system, method or computer program product. Accordingly, 
aspects of the present invention may take the form of an 
entirely hardware embodiment, an entirely software embodi 
ment (including ?rmware, resident software, micro-code, 
etc.) or an embodiment combining software and hardware 
aspects that may all generally be referred to herein as a “cir 
cuit,” “module” or “system.” Furthermore, aspects of the 
present invention may take the form of a computer program 
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product embodied in one or more computer readable medium 
(s) having computer readable program code embodied 
thereon. 

[0045] Any combination of one or more computer readable 
medium(s) may be utiliZed. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor system, apparatus, or device, or any suitable com 
bination of the foregoing. More speci?c examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical ?ber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 

[0046] Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wired, optical ?ber 
cable, RF, etc., or any suitable combination of the foregoing. 
Computer program code for carrying out operations for 
aspects of the present invention may be written in any com 
bination of one or more programming languages, including 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user’s computer, partly on the user’s 
computer, as a stand-alone software package, partly on the 
user’s computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user’s computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
[0047] Aspects of the present invention are described 
below with reference to ?owchart illustrations and/or block 
diagrams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the ?owchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the ?owchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts speci?ed in the ?owchart and/or block diagram 
block or blocks. 

[0048] These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, such that the 
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instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/ act speci?ed in the ?owchart and/or block 
diagram block or blocks. The computer program instructions 
may also be loaded onto a computer, other programmable 
data processing apparatus, or other devices to cause a series of 
operational steps to be performed on the computer, other 
programmable apparatus or other devices to produce a com 
puter implemented process such that the instructions which 
execute on the computer or other programmable apparatus 
provide processes for implementing the functions/acts speci 
?ed in the ?owchart and/or block diagram block or blocks. 
[0049] The ?owchart and block diagrams in the above ?g 
ures illustrate the architecture, functionality, and operation of 
possible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the ?owchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the speci?ed logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the ?gures. For example, two blocks shown 
in succession may, in fact, be executed substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/ or ?ow 
chart illustration, and combinations of blocks in the block 
diagrams and/ or ?owchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
speci?ed functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
[0050] While one or more embodiments of the present 
invention have been illustrated in detail, one of ordinary skill 
in the art will appreciate that modi?cations and adaptations to 
those embodiments may be made without departing from the 
scope of the present invention as set forth in the following 
claims. 

What is claimed is: 
1. A method for reducing deadlock in multi-system com 

puting environments by a processor device in communication 
with a memory device, comprising: 

initialiZing a set of default, current wait times for resource 
requests of each of a plurality of resources; 

monitoring a plurality of resource holders and resource 
waiters within an address space of the multi-system 
computing environment, wherein if one resource holder 
of the plurality of resource holders of one of the plurality 
of resources is determined to be one resource waiter on 

another of the plurality of resources, a current wait time 
for the one resource holder is incremented and a dead 
lock indicator for both the one resource holder and the 
one resource waiter is activated; and 

subsequent to an expiration of a prede?ned interval: 
aggregating which of the plurality of resource holders 

and resource waiters have an active deadlock indica 

tor, 
parsing through those of the plurality of resource holders 

and resource waiters to determine an original resource 

holder, indicating a system deadlock, and 
pursuant to detecting the system deadlock, restarting 

which of the plurality of resource holders associated 
with the system deadlock having a lowest current wait 
time. 
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2. The method of claim 1, further including constructing a 
set of tables for each of a plurality of resource types of the 
plurality of resources, wherein the set of tables is updated for 
occurrences of new resource holders and resource waiters in 

the plurality of resource holders and resource waiters. 
3. The method of claim 2, wherein updating the set of tables 

includes performing at least one of categoriZing a resource 
type for the one of the plurality of resources, designating a 
resource name of the one of the plurality of resources, listing 
a task control block (TCB) of the one of the plurality of 
resources, denoting a system of the multi-system computing 
environment to which the one of the plurality of resources 
belongs, and designating a thread one of the one resource 
holder and the one resource waiter. 

4. The method of claim 1, wherein monitoring the plurality 
of resource holders and resource waiters further includes 
comparing a current program status word (PSW) of the one of 
the plurality of resources against a task control block (TCB) 
of the one of the plurality of resources. 

5. The method of claim 1, wherein monitoring the plurality 
of resource holders and resource waiters further includes, 
pursuant to determining that the one resource holder and the 
one resource waiter are not co-existent on a single system, 
sending the one resource waiter to each additional instance 
performing the monitoring on additional systems. 

6. The method of claim 5, wherein the monitoring the 
plurality of resource holders and resource waiters further 
includes, pursuant to determining by one of the system and 
the additional systems of an existence of the one resource 
waiter, sending the one resource holder to which of the system 
and the additional systems having the one resource waiter. 

7. The method of claim 1, further including, subsequent to 
the expiration of the prede?ned interval, if the one resource 
waiter is determined not to be waiting for any of the plurality 
of resources, restarting the one resource waiter using at least 
one original input parameter. 

8. A system for reducing deadlock in multi-system com 
puting environments, comprising: 

a deadlock monitoring module operable on at least one 
system in the multi-system computing environment, and 
in communication with additional systems in the multi 
system computing environment, the deadlock monitor 
ing module adapted for: 
initialiZing a set of default, current wait times for 

resource requests of each of a plurality of resources; 
monitoring a plurality of resource holders and resource 

waiters within an address space of the multi-system 
computing environment, wherein if one resource 
holder of the plurality of resource holders of one of the 
plurality of resources is determined to be one resource 
waiter on another of the plurality of resources, a cur 
rent wait time for the one resource holder is incre 
mented and a deadlock indicator for both the one 
resource holder and the one resource waiter is acti 

vated; and 
subsequent to an expiration of a prede?ned interval: 

aggregating which of the plurality of resource holders 
and resource waiters have an active deadlock indi 

cator, 
parsing through those of the plurality of resource 

holders and resource waiters to determine an origi 
nal resource holder, indicating a system deadlock, 
and 
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pursuant to detecting the system deadlock, restarting 
Which of the plurality of resource holders associ 
ated With the system deadlock having a loWest cur 
rent Wait time. 

9. The system of claim 8, Wherein the deadlock monitoring 
module is further adapted for constructing a set of tables for 
each of a plurality of resource types of the plurality of 
resources, Wherein the set of tables is updated for occurrences 
of neW resource holders and resource Waiters in the plurality 
of resource holders and resource Waiters. 

10. The system of claim 9, Wherein the deadlock monitor 
ing module is further adapted for, pursuant to updating the set 
of tables, performing at least one of categorizing a resource 
type for the one of the plurality of resources, designating a 
resource name of the one of the plurality of resources, listing 
a task control block (TCB) of the one of the plurality of 
resources, denoting a system of the multi-system computing 
environment to Which the one of the plurality of resources 
belongs, and designating a thread one of the one resource 
holder and the one resource Waiter. 

11. The system of claim 8, Wherein the deadlock monitor 
ing module is further adapted for, pursuant to monitoring the 
plurality of resource holders and resource Waiters, comparing 
a current program status Word (PSW) of the one of the plu 
rality of resources against a task control block (TCB) of the 
one of the plurality of resources. 

12. The system of claim 8, Wherein the deadlock monitor 
ing module is further adapted for, pursuant to determining 
that the one resource holder and the one resource Waiter are 

not co-existent on the at least one system, sending the one 
resource Waiter to each additional instance performing the 
monitoring on the additional systems. 

13. The system of claim 8, Wherein the deadlock monitor 
ing module is further adapted for, pursuant to determining by 
one of the at least one system and the additional systems of an 
existence of the one resource Waiter, sending the one resource 
holder to Which of the at least one system and the additional 
systems having the one resource Waiter. 

14. The system of claim 8, further including, subsequent to 
the expiration of the prede?ned interval, if the one resource 
Waiter is determined not to be Waiting for any of the plurality 
of resources, restarting the one resource Waiter using at least 
one original input parameter. 

15. A computer program product for reducing deadlock in 
multi-system computing environments, the computer pro 
gram product comprising a computer-readable storage 
medium having computer-readable program code portions 
stored therein, the computer-readable program code portions 
comprising: 

a ?rst executable portion for initialiZing a set of default, 
current Wait times for resource requests of each of a 
plurality of resources; 

a second executable portion for monitoring a plurality of 
resource holders and resource Waiters Within an address 

space of the multi-system computing environment, 
Wherein if one resource holder of the plurality of 
resource holders of one of the plurality of resources is 
determined to be one resource Waiter on another of the 
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plurality of resources, a current Wait time for the one 
resource holder is incremented and a deadlock indicator 
for both the one resource holder and the one resource 

Waiter is activated; and 
a third executable portion for, subsequent to an expiration 

of a prede?ned interval: 
aggregating Which of the plurality of resource holders 

and resource Waiters have an active deadlock indica 

tor, 
parsing through those of the plurality of resource holders 

and resource Waiters to determine an original resource 

holder, indicating a system deadlock, and 
pursuant to detecting the system deadlock, restarting 

Which of the plurality of resource holders associated 
With the system deadlock having a loWest current Wait 
time. 

16. The computer program product of claim 15, further 
including a fourth executable portion for constructing a set of 
tables for each of a plurality of resource types of the plurality 
of resources, Wherein the set of tables is updated for occur 
rences of neW resource holders and resource Waiters in the 
plurality of resource holders and resource Waiters. 

17. The computer program product of claim 16, further 
including a ?fth executable portion for, pursuant to updating 
the set of tables, performing at least one of categorizing a 
resource type for the one of the plurality of resources, desig 
nating a resource name of the one of the plurality of resources, 
listing a task control block (TCB) of the one of the plurality of 
resources, denoting a system of the multi-system computing 
environment to Which the one of the plurality of resources 
belongs, and designating a thread one of the one resource 
holder and the one resource Waiter. 

18. The computer program product of claim 15, further 
including a fourth executable portion for, pursuant to moni 
toring the plurality of resource holders and resource Waiters, 
comparing a current program status Word (PSW) of the one of 
the plurality of resources against a task control block (TCB) 
of the one of the plurality of resources. 

19. The computer program product of claim 15, further 
including: 

a fourth executable portion for, subsequent to a determina 
tion that the one resource holder and the one resource 

Waiter are not co-existent on a single system, sending the 
one resource Waiter to each additional instance perform 
ing the monitoring on additional systems, and 

a ?fth executable portion for, pursuant to determining by 
one of the system and the additional systems of an exist 
ence of the one resource Waiter, sending the one resource 
holder to Which of the system and the additional systems 
having the one resource Waiter. 

20. The computer program product of claim 15, further 
including a fourth executable portion for, subsequent to the 
expiration of the prede?ned interval, if the one resource 
Waiter is determined not to be Waiting for any of the plurality 
of resources, restarting the one resource Waiter using at least 
one original input parameter. 

* * * * * 


