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Summary
SIMH provides a highly flexible and extensible breakpoint subsystem to assist in
debugging simulated code. Its features include:
•
•
•
•

Up to 26 different kinds of breakpoints
Unlimited numbers of breakpoints
Proceed counts for each breakpoint
Automatic execution of commands when a breakpoint is taken

If debugging is going to be a major activity on a simulator, implementation of a
full-featured breakpoint facility will be of immense help to users.
Breakpoint Basics
SIMH breakpoints are characterized by a type, an address, a proceed count, and
an action string. Breakpoint types are arbitrary and are defined by the virtual
machine. Each breakpoint type is assigned a unique letter. All simulators to
date provide execution (“E”) breakpoints. A useful extension would be to provide
breakpoints on read (“R”) and write (“W”) data access. Even finer gradations are
possible, e.g., physical versus virtual addressing, DMA versus CPU access, and
so on.
Breakpoints can be assigned to devices other than the CPU, but breakpoints
don’t contain a device pointer. Thus, each device must have its own unique set
of breakpoint types. For example, if a simulator contained a programmable
graphics processor, it would need a separate instruction breakpoint type (e.g.,
type G rather than E).
The virtual machine defines the valid breakpoint types to SIMH through two
variables:
sim_brk_types – initialized by the VM (usually in the CPU reset routine)
to a mask of all supported breakpoints; bit 0 (low order bit) corresponds to
type ‘A’, bit 1 to type ‘B’, etc.
sim_brk_dflt – initialized by the VM to the mask for the default breakpoint
type.
SIMH in turn provides the virtual machine with a summary of all the breakpoint
types that currently have active breakpoints:

sim_brk_summ – maintained by SIMH; provides a bit mask summary of
whether any breakpoints of a particular type have been defined.
When the virtual machine reaches the point in its execution cycle corresponding
to a breakpoint type, it tests to see if any breakpoints of that type are active. If
so, it calls sim_brk_test to see if a breakpoint of a specified type (or types) is set
at the current address. Here is an example from the fetch phase, testing for an
execution breakpoint:
/* Test for breakpoint before fetching next instruction */
if ((sim_brk_sum & SWMASK (‘E’)) &&
sim_brk_test (PC, SWMASK (‘E’))) <execution break>

If the virtual machine implements only one kind of breakpoint, then testing
sim_brk_summ for non-zero suffices. Even if there are multiple breakpoint types,
a simple non-zero test distinguishes the no-breakpoints case (normal run mode)
from debugging mode and provides sufficient efficiency.
Testing For Breakpoints
Breakpoint testing must be done at every point in the instruction decode and
execution cycle where an event relating to a breakpoint type occurs. If a virtual
machine implements data breakpoints, it simplifies implementation if data reads
and writes are centralized in subroutines, rather than scattered throughout the
code. For this reason (among others), it is good practice to perform memory
access through subroutines, rather than by direct access to the memory array.
As an example, consider a virtual machine with a central memory read
subroutine. This routine takes an additional parameter, the type of read (often
required for memory protection):
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t_stat Read (uint32 addr, uint32 *dat, uint32 acctyp)
{
static uint32 bkpt_type[4] = {
SWMASK (‘E’), SWMASK (‘N’),
SWMASK (‘R’), SWMASK (‘W’) };
If (sim_brk_summ &&
sim_brk_test (addr, bkpt_type[acctyp]))
return STOP_BKPT;
else *dat = M[addr];
return SCPE_OK;
}

This routine provides differentiated breakpoints for execution, indirect addresses,
and data reads, with a single test.

