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Using Threads, 
Processes, and Groups

While the specifics of how multi-process, multi-threaded programs 
execute differ greatly from one hardware platform to another, from 
one operating system to another, and from one compiler to another, 
all share some general characteristics. This chapter defines a general 
model for conceptualizing the way processes and threads execute. 

This chapter contains the following sections:

“A Couple of Processes” on page 1
“Threads” on page 3
“Complicated Programming Models” on page 4
“Types of Threads” on page 6
“Organizing Chaos” on page 8
“Creating Groups” on page 12
“Simplifying What You’re Debugging” on page 16

A Couple of Processes

breakpointWhen programmers write single-threaded, single-process pro-
grams, they can almost always answer the question “Do you know where 
your program is?” These types of programs are rather simple, looking 
something like what’s shown in the following figure on the next page. 

If you use any debugger on these types of programs, you can almost always 
figure out what’s going on. Before the program begins executing, you set a 
breakpoint, let the program run until it hits the breakpoint, and then 
inspect variables to see their values. If you suspect that there’s a logic 
problem, you can step the program through its statements, seeing what 
happens and where things are going wrong.
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What is actually occurring, however, is a lot more complicated, since a 
number of programs are always executing on your computer. For example, 
your computing environment could have daemons and other support pro-
grams executing, and your program can interact with them. 

These additional processes can simplify your program because it no longer 
has to do everything itself. It can hand off some tasks and not have to 
focus on how that work gets done.

The preceding figure shows an architecture where the application program 
just sends requests to a daemon. This architecture is very simple. The type 
of architecture shown in the next figure is more typical. In this example, an 
email program communicates with a daemon on one computer. After 
receiving a request, this daemon sends data to an email daemon on 
another computer, which then delivers the data to another mail program.

This architecture has one program handing off work to another. After the 
handoff, the programs do not interact. The program handing off the work 
just assumes that the work gets done. Some programs can work well like 
this. Most don’t. Most computational jobs do better with a model that 
allows a program to divide its work into smaller jobs, and parcel this work 
to other computers. Said in a different way, this model has other machines 
do some of the first program’s work. To gain any advantage, however, the 
work a program parcels out must be work that it doesn’t need right away. In 

Figure 1:  A Uniprocessor A Computer

A Process

Figure 2:  A Program and 
Daemons A Daemon or

Support Program

A User Program

Figure 3:  Mail Using 
Daemons to Communicate
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this model, the two computers act more or less independently. And, 
because the first computer doesn’t have to do all the work, the program 
can complete its work faster. 

Using more than one computer doesn’t mean that less computer time is 
being used. Overhead due to sending data across the network and over-
head for coordinating multi-processing always means more work is being 
done. It does mean, however, that your program finishes sooner than if 
only one computer were working on the problem. 

One problem with this model is how a programmer debugs what’s happen-
ing on the second computer. One solution is to have a debugger running 
on each computer. The TotalView solution to this debugging problem 
places a server on each remote processor as it is launched. These servers 
then communicate with the main TotalView process. This debugging archi-
tecture gives you one central location from which you can manage and 
examine all aspects of your program.

You can also have TotalView attach to programs that are already running on other com-
puters. In other words, programs don’t have to be started from within TotalView to be 
debugged by TotalView.

In all cases, it is far easier to write your program so that it only uses one 
computer at first. After you have it working, you can split up its work so that 
it uses other computers. It is likely that any problems you find will occur in 
the code that splits up the program or in the way the programs manipulate 
shared data, or in some other area related to the use of more than one 
thread or process. This assumes, of course, that it is practical to write your 
program as a single-process program. For some algorithms, executing a pro-
gram on one computer means that it will take weeks to execute.

Threads

breakpointThe operating system owns the daemon programs discussed in 
the previous section. These daemons perform a variety of activities, from 

Figure 4:  Two Computers 
Working on One Problem

Sends Work

Receives Result

Uses Results
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managing computer resources to providing standard services such as print-
ing. 

If operating systems can have many independently executing components, 
why can’t a program? Obviously, a program can and there are various ways 
to do this. One programming model splits the work off into somewhat 
independent tasks within the same process. This is the threads model. 

This figure also shows the daemon processes that are executing. (The fig-
ures in the rest of this chapter won’t show these daemons.)

In this computing model, a program (the main thread) creates threads. If 
they need to, these newly created threads can also create threads. Each 
thread executes relatively independently from other threads. You can, of 
course, program them to share data and to synchronize how they execute.

The debugging issue here is similar to the problem of processes running on 
different machines. In both, a debugger must intervene with more than one 
executing entity. It has to understand multiple address spaces and multiple 
contexts.

There’s not a lot of difference between a multi-threaded or a multi-process program when 
you are using TotalView. The way in which TotalView displays process information is 
very similar to how it displays thread information.

Complicated Programming Models

breakpointWhile most computers have one or two processors, high-perfor-
mance computing often uses computers with many more. And as hardware 
prices decrease, this model is starting to become more widespread. Having 
more than one processor means that the threads model shown in the figure 

Figure 5:  Threads

A thread

A daemon
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in the previous section changes to look something like what is shown in 
Figure 6. (Only four cores are shown een though many more could on a 
chip.)llike this:

This figure shows four cores in one computer, each of which has three threads. 
This architecture is an extension to the model that links more than one com-
puter together. Its advantage is that the processor doesn’t need to communi-
cate with other processors over a network as it is completely self-contained. 

The next step is to join many multi-processor computers together. (See 
Figure 7 on page 5.)The following figure shows five computers, each with 
four processors, with each processsor running three threads. If this figure 
shows the execution of one program, then the program is using 60 threads. 

Figure 6:  Four-Processor 
Computer

Figure 7:  Four Processors on a 
About Threads, Processes, 
and GroupsNetwork
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This figure depicts only processors and threads. It doesn’t have any infor-
mation about the nature of the programs and threads or even whether the 
programs are copies of one another or represent different executables.

At any time, it is next to impossible to guess which threads are executing 
and what a thread is actually doing. To make matters worse, many multi-
processor programs begin by invoking a process such as mpirun or IBM 
poe, whose function is to distribute and control the work being performed. 
In this kind of environment, a program is using another program to control 
the workflow across processors. 

When there are problems working this way, traditional debuggers and solu-
tions don’t work. TotalView, on the other hand, organizes this mass of execut-
ing procedures for you and lets you distinguish between threads and pro-
cesses that the operating system uses from those that your program uses.

Types of Threads

breakpointAll threads aren’t the same. The following figure shows a program 
with three threads. (See Figure 8.)

Assume that all of these threads are user threads; that is, they are threads 
that perform some activity that you’ve programmed. 

Many computer architectures have something called user mode, user space, or some-
thing similar. User threads means something else. The TotalView definition of a user 
thread is simply a unit of execution created by a program.

Because the program creates user threads to do its work, they are also 
called worker threads.

Figure 8:  Threads (again)

A thread
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Other threads can also be executing. For example, there are always threads 
that are part of the operating environment. These threads are called man-
ager threads. Manager threads exist to help your program get its work done. 
In the following figure, the horizontal threads at the bottom are user-cre-
ated manager threads. 

All threads are not created equal and all threads do not execute equally. 
Many programs also create manager-like threads. Since these user-created 
manager threads perform services for other threads, they are called service 
threads. (See Figure 10 on page 7.)

These service threads are also worker threads. For example, the sole func-
tion of a user service thread might be to send data to a printer in response 
to a request from the other two threads. 

Figure 9:  User and Service 
Threads

User Thread

Manager Thread

Figure 10:  User, Service, and 
Manager Threads

User Threads

User Service Thread

Manager Thread
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One reason you need to know which of your threads are service threads is 
that a service thread performs different types of activities than your other 
threads. Because their activities are different, they are usually developed 
separately and, in many cases, are not involved with the fundamental prob-
lems being solved by the program. Here are two examples: 

The code that sends messages between processes is far different than 
the code that performs fast Fourier transforms. Its bugs are quite differ-
ent than the bugs that create the data that is being transformed.
A service thread that queues and dispatches messages sent from other 
threads might have bugs, but the bugs are different than the rest of your 
code and you can handle them separately from the bugs that occur in 
nonservice user threads. 

Being able to distinguish between the two kinds of threads means that you 
can focus on the threads and processes that actively participate in an 
activity, rather than on threads performing subordinate tasks.

Although this last figure shows five threads, most of your debugging effort 
will focus on just two threads. 

Organizing Chaos

breakpointIt is possible to debug programs that are running thousands of 
processes and threads across hundreds of computers by individually look-
ing at each. However, this is almost always impractical. The only workable 
approach is to organize your processes and threads into groups and then 
debug your program by using these groups. In other words, in a multi-pro-
cess, multi-threaded program, you are most often not programming each 
process or thread individually. Instead, most high-performance computing 
programs perform the same or similar activities on different sets of data.

TotalView cannot know your program’s architecture; however, it can make 
some intelligent guesses based on what your program is executing and 
where the program counter is. Using this information, TotalView automati-
cally organizes your processes and threads into the following predefined 
groups:

Control Group: All the processes that a program creates. These pro-
cesses can be local or remote. If your program uses processes that it did 
not create, TotalView places them in separate control groups. For exam-
ple, a client/server program that has two distinct executables that run in-
dependently of one another has each executable in a separate control 
group. In contrast, processes created by fork()/exec() are in the same con-
trol group.
Share Group: All the processes within a control group that share the 
same code. Same code means that the processes have the same execut-
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able file name and path. In most cases, your program has more than one 
share group. Share groups, like control groups, can be local or remote.
Workers Group: All the worker threads within a control group. These 
threads can reside in more than one share group.
Lockstep Group: All threads that are at the same PC (program counter). 
This group is a subset of a workers group. A lockstep group only exists 
for stopped threads. By definition, all members of a lockstep group are 
within the same workers group. That is, a lockstep group cannot have 
members in more than one workers group or more than one control 
group. A lockstep group only means anything when the threads are 
stopped.

The control and share groups only contain processes; the workers and 
lockstep groups only contain threads.

TotalView lets you manipulate processes and threads individually and by 
groups. In addition, you can create your own groups and manipulate a 
group’s contents (to some extent). 

The following figure shows a processor running five processes (ignoring 
daemons and other programs not related to your program) and the threads 
within the processes. This figure shows a control groups and two share 
groups within the control group. 

Figure 11:  Five-Processes: 
Their Control and Share 
Groups Control Group

Share Group 2

Share Group 1

One Process

The CPU
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Many of the elements in this figure are used in other figures in this book. 
These elements are as follows:

CPU The one outer square represents the CPU. All elements 
in the drawing operate within one CPU.

Processes The five white inner squares represent processes being 
executed by the CPU.

Control Group The large rounded rectangle that surrounds the five 
processes shows one control group. This diagram 
doesn’t indicate which process is the main procedure. 

Share Groups The two smaller rounded rectangles having white 
dashed lines surround processes in a share group. This 
drawing shows two share groups within one control 
group. The three processes in the first share group 
have the same executable. The two processes in the 
second share group share a second executable. 

The control group and the share group only contain processes. The next 
figure shows how TotalView organizes the threads in the previous figure. It 
adds a workers group and two lockstep groups. (See Figure 12 on page 10.)

This figure doesn’t show the control group since it encompasses everything in this figure. 
That is, this example’s control group contains all of the program’s lockstep, share, and 
worker group’s processes and threads.

Figure 12:  Five Processes: 
Adding Workers and 
Lockstep Groups

Share Group 1

Workers Group

Lockstep Group 1

Lockstep Group 2

Share Group 2

Manager Threads

A Service Thread
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The additional elements in this figure are as follows:

Workers Group All nonmanager threads within the control group make 
up the workers group. This group includes service 
threads.

Lockstep Groups Each share group has its own lockstep group. The pre-
vious figure shows two lockstep groups, one in each 
share group. 

Service Threads Each process has one service thread. A process can 
have any number of service threads, but this figure only 
shows one.

Manager Threads
The ten manager threads are the only threads that do 
not participate in the workers group. 

The following figure extends the previous figure to show the same kinds of 
information executing on two processors. 

This figure differs from the other ones in this section because it shows ten 
processes executing within two processors rather than five processes 
within one processor. Although the number of processors has changed, the 
number of control and share groups is unchanged. This makes a nice exam-
ple. However, most programs are not this regular.

Figure 13:  Five Processes and 
Their Groups on Two 
Computers
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Creating Groups

breakpointTotalView places processes and threads in groups as your pro-
gram creates them. The exception is the lockstep groups that are created 
or changed whenever a process or thread hits an action point or is stopped 
for any reason. There are many ways to build this type of organization. The 
following steps indicate the beginning of how TotalView might do this.

Step 1 TotalView and your program are launched and your program begins executing. 

Control group: The program is loaded and creates a group.
Share group: The program begins executing and creates a group.
Workers group: The thread in the main() routine is the workers group.
Lockstep group: There is no lockstep group because the thread is run-
ning. (Lockstep groups only contain stopped threads.)

Step 2 The program creates a thread.

Control group: The control group is unchanged.
Share group: The share group is unchanged.
Workers group: TotalView adds the thread to the existing group.
Lockstep group: There are no lockstep groups because the threads are 
running.

Figure 14:  Step 1: A Program 
Starts

Figure 15:  Step 1: A Program 
Starts
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Step 3 The first process uses the exec() function to create a second process. (See 
Figure 16.)

Control group: The group is unchanged.
Share group: TotalView creates a second share group with the process 
created by the exec() function as a member. TotalView removes this pro-
cess from the first share group.
Workers group: Both threads are in the workers group.
Lockstep group: There are no lockstep groups because the threads are 
running. 

Step 4 The first process hits a break point.

Control group: The group is unchanged.
Share group: The groups are unchanged.
Workers group: The group is unchanged.
Lockstep group: TotalView creates a lockstep group whose member is 
the thread of the current process. (In this example, each thread is its 
own lockstep group.)

Figure 16:  Step 3: Creating a 
Process using exec()
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Step 5 The program is continued and TotalView starts a second version of your 
program from the shell. You attach to it within TotalView and put it in the 
same control group as your first process. 

Control group: TotalView adds a third process.
Share group: TotalView adds this third process to the first share group.
Workers group: TotalView adds the thread in this third process to the 
group.
Lockstep group: There are no lockstep groups because the threads are 
running.

Step 6 Your program creates a process on another computer. 

Control group: TotalView extends the control group so that it contains 
the fourth process, which is running on the second computer.
Share group: The first share group now contains this newly created pro-
cess, even though it is running on the second computer. 
Workers group: TotalView adds the thread within this fourth process to 
the workers group.

Figure 17:  Step 5: Creating a 
Second Version

Figure 18:  Step 6: Creating a 
Remote Process
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Lockstep group: There are no lockstep groups because the threads are 
running.

Step 7 A process within the control group creates a thread. This adds a second 
thread to one of the processes. 

Control group: The group is unchanged.
Share group: The group is unchanged.
Workers group: TotalView adds a fifth thread to this group.
Lockstep group: There are no lockstep groups because the threads are 
running.

Step 8 A breakpoint is set on a line in a process executing in the first share group. 
By default, TotalView shares the breakpoint. The program executes until all 
three processes are at the breakpoint.

Control group: The group is unchanged.
Share group: The groups are unchanged.
Workers group: The group is unchanged.
Lockstep groups: TotalView creates a lockstep group whose members 
are the four threads in the first share group. 

Figure 19:  Step 7: Creating a 
Thread

Figure 20:  Step 8: Hitting a 
Breakpoint
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Step 9 You tell TotalView to step the lockstep group. 

Control group: The group is unchanged.
Share group: The groups are unchanged.
Workers group: The group is unchanged.
Lockstep group: The lockstep groups are unchanged. 

What Comes Next This example could keep on going to create a more complicated system of 
processes and threads. However, adding more processes and threads 
won’t change the basics of what has been covered.

Simplifying What You’re Debugging

The reason you’re using a debugger is because your program isn’t operating 
correctly and the way you think you’re going to solve the problem (unless it 
is a &%$# operating system problem, which, of course, it usually is) is by 
stopping your program’s threads, examining the values assigned to variables, 
and stepping your program so you can see what’s happening as it executes. 

Unfortunately, your multi-process, multi-threaded program and the com-
puters upon which it is executing have lots of things executing that you 
want TotalView to ignore. For example, you don’t want to be examining 
manager and service threads that the operating system, your programming 
environment, and your program create.

Also, most of us are incapable of understanding exactly how a program is 
acting when perhaps thousands of processes are executing asynchro-
nously. Fortunately, there are only a few problems that require full asyn-
chronous behavior at all times. 

One of the first simplifications you can make is to change the number of 
processes. For example, suppose you have a buggy MPI program running 

Figure 21:  Step 9: Stepping 
the Lockstep Group
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on 128 processors. Your first step might be to have it execute in an 8-pro-
cessor environment.

After you get the program running under TotalView control, run the process 
being debugged to an action point so that you can inspect the program’s 
state at that point. In many cases, because your program has places where 
processes are forced to wait for an interaction with other processes, you 
can ignore what they are doing. 

TotalView lets you control as many groups, processes, and threads as you need to con-
trol. Although you can control each one individually, you might have problems remem-
bering what you’re doing if you’re controlling large numbers of these things indepen-
dently. TotalView creates and manages groups so that you can focus on portions of your 
program.

In most cases, you don’t need to interact with everything that is executing. 
Instead, you want to focus on one process and the data that this process 
manipulates. Things get complicated when the process being investigated 
is using data created by other processes, and these processes might be 
dependent on other processes.

The following is a typical way to use TotalView to locate problems: 

1 At some point, make sure that the groups you are manipulating do not 
contain service or manager threads. (You can remove processes and 
threads from a group by using the Group > Custom Group command.)

2 Place a breakpoint in a process or thread and begin investigating the 
problem. In many cases, you are setting a breakpoint at a place where you 
hope the program is still executing correctly. Because you are debugging 
a multi-process, multi-threaded program, set a barrier point so that all 
threads and process will stop at the same place.

Do not step your program except where you need to individually look at what occurs 
in a thread. Using barrier points is much more efficient. 

3 After execution stops at a barrier point, look at the contents of your vari-
ables. Verify that your program state is actually correct.

4 Begin stepping your program through its code. In most cases, step your 
program synchronously or set barriers so that everything isn’t running 
freely.
Things begin to get complicated at this point. You’ve been focusing on 
one process or thread. If another process or thread modifies the data and 
you become convinced that this is the problem, you need to go off to it 
and see what’s going on.

You need to keep your focus narrow so that you’re only investigating a lim-
ited number of behaviors. This is where debugging becomes an art. A multi-
process, multi-threaded program can be doing a great number of things. 
Understanding where to look when problems occur is the art.

CLI:  dgroups –remove



Simplifying What You’re Debugging

18 Using Threads, Processes, and Groups: version 8.6

For example, you most often execute commands at the default focus. Only 
when you think that the problem is occurring in another process do you 
change to that process. You still execute in the default focus, but this time 
the default focus changes to another process.

Although it seems like you’re often shifting from one focus to another, you 
probably will do the following:

Modify the focus so that it affects just the next command. If you are us-
ing the GUI, you might select this process and thread from the list dis-
played in the Root Window. If you are using the CLI, you use the dfocus 
command to limit the scope of a future command. For example, the fol-
lowing is the CLI command that steps thread 7 in process 3:
dfocus t3.7 dstep 
Use the dfocus command to change focus temporarily, execute a few 
commands, and then return to the original focus.
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