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(57) ABSTRACT 
A vector point of an exception handler related to TLB miss 
exception events is obtained by reading a vector base 
address of a register VBR one time; and by adding a vector 
offset (H‘400) thereto. Avector point of an exception handler 
related to exception events other than the TLB miss excep 
tion events is obtained by adding a vector offset to a value 
(vector base address) of the register VBR; and an exception 
code Which is an address offset obtained by reading a value 
of the register EXPEVT or INTEVT one time is added to the 
vector point that is obtained. Thus; the processing is 
branched to a required exception handler to execute the 
exception event processing related to exception events other 
than the TLB miss exception events. 
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DATA PROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data processor for 
executing an exception handling program to cope With the 
occurrence of exceptions such as reset event, exception 
events and interrupt events. More speci?cally, the invention 
relates to technology for shortening the time required for the 
transition from a moment of occurrence of an exception 
event to the operation of an exception handler for coping 
With the exception event. The invention relates to technol 
ogy that can be effectively adapted to, for example, a 
single-chip microcomputer or a microprocessor contained in 
a memory management unit (MMU). 

[0002] In processing the data using a central processing 
unit that is included in the data processor, there may often 
occur general exception events such as decoding of unde 
?ned instruction in an instruction set of the data processor, 
invalid arithmetic operation, protection violation in a virtual 
storage, TLB miss exception events, etc., as Well as end 
signaling for informing the central processing unit of the end 
of data input/output operation in the peripheral circuits of 
the data processor and interrupt requests (referred to as 
general interrupt events) such as request of reception from a 
communication module in the data processor. 

[0003] When exception events such as the above-men 
tioned general exception events and general interrupt events 
occur, the central processing unit suspends the execution of 
instructions of a data processing program, shifts the control 
to an exception handler to cope With exceptions that have 
occurred, executes the data processing speci?ed by the 
exception handler, and Works to cope With the exception 
events. After the exception handler is executed, the central 
processing unit retries the suspended instruction or returns to 
an instruction address next to the suspended instruction, and 
resumes the suspended data processing program. Therefore, 
if general exception events and general interrupt events 
occur, the central processing unit executes the operation to 
save values of a program counter therein and internal 
conditions of the status register into the stack regions of an 
external memory. When the processing of the central pro 
cessing unit returns from the exception handler to the 
suspended data processing program, the central processing 
unit transfers the values saved in the program counter and 
the internal conditions of the status register from the stack 
regions of the external memory to the program counter and 
to the status register, respectively, and continues the sus 
pended data processing program. 

[0004] Apredetermined data processing program has been 
branched to a predetermined exception handler by a method 
of ?xing a variety of destination addresses (head memory 
addresses of a variety of exception handlers) using a hard 
Ware (logic circuit) or by a vector system Which designates 
destination addresses from the central processing unit. 
According to the vector system, for example, a vector table 
storing head addresses of a variety of exception handlers for 
responding to an interrupt request is arranged on an external 
memory, a pointer (interrupt vector register) of the vector 
table is designated from the central processing unit, the head 
address of a corresponding exception handler is read out 
from the designated vector table, and a desired exception 
handler is read out from a position of the head address that 
is read out and is executed. 
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[0005] As a literature describing exception events such as 
interrupt requests, there can be cited “MICROCOMPUTER 
HANDBOOK”, Ohm Co., Dec. 25, 1987, pp. 177-178. 

SUMMARY OF THE INVENTION 

[0006] The above-mentioned vector system, hoWever, 
requires the operation for reading the external memory to 
obtain a head address of a corresponding exception handler 
from the vector table from the occurrence of an exception 
event up to dealing With it. Therefore, the time required for 
the transition from the occurrence of the exception event to 
the branching to a corresponding handler increases by the 
amount of operation for reading the external memory. More 
over, When the data in the program counter, in the status 
register and in the general-purpose register are to be saved 
to the stack regions of the external memory prior to branch 
ing to a corresponding exception handler, response to the 
exception event is delayed even by the operation for Writing 
data into the external memory. 

[0007] In particular, a quick response to an exception 
event, related to TLB miss exception event that occurs in 
synchronism With the operation of the central processing 
unit, means that the time can be shortened from the moment 
of occurrence of TLB miss exception event to the retry of the 
suspended instruction. The present inventors have discov 
ered that this is quite important for enhancing data process 
ing performance of the central processing unit. This is 
because, though it is classi?ed as an exception event, the 
TLB miss exception event is an event that usually occurs 
during the execution of a data processing program free from 
mistake and is substantially different from exception events 
that occur due to a mistake involved in the data processing 
program prepared by a user. Therefore, to quickly cope With 
TLB miss exception events is to improve data processing 
performance of the central processing unit. 

[0008] A method can be further contrived to completely 
?x a variety of destination addresses by hardWare. HoWever, 
this method is little versatile for mapping the exception 
handlers related to the user description or for the program 
siZes, and is little convenient to use. It is further considered 
that the amount of hardWare increases for forming destina 
tion addresses. 

[0009] The object of the present invention is to provide a 
data processor Which is capable of shortening a transition 
time of from the moment of occurrence of an exception 
event up to shifting or branching the processing into an 
exception handler for coping With it. 

[0010] Another object of the present invention is to pro 
vide a data processor Which is capable of providing the 
constitution of exception handler With freedom to respond to 
exception events. 

[0011] A further object of the present invention is to 
provide a data processor Which is capable of shortening the 
transition time for a processing such as of a TLB miss 
exception event Which can make it possible to execute the 
data processing at high speeds, and is also capable of 
offering high degree of versatility for the mapping of excep 
tion handlers on the memory and for the memory siZes of the 
exception handlers concerning those exception events and 
interrupt events Which may not much contribute to executing 
the data processing at high speeds so much as the TLB miss 
exception events. 
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[0012] A still further object of the present invention is to 
provide a loW-cost and high-speed data processor capable of 
satisfying both contracting the physical circuit scale from 
the standpoint of handling exception events and executing 
the data processing at high speeds. 

[0013] The above and other objects as Well as novel 
features of the present invention Will become obvious from 
the description of the speci?cation and the accompanying 
draWings. 

[0014] Among the inventions disclosed in this application, 
representative examples Will noW be brie?y described 
beloW. 

[0015] Referring to FIG. 1, a single-chip data processor 
comprises: 

[0016] a storage circuit (EXPEVT, INTEVT) into Which, 
in response to an exception event, an exception code 
assigned in advance to it (such as reset event, general 
exception events, general interrupt requests) is stored; and 

[0017] a central processing unit (CPU) including a 
program counter (PC), and a control means (CTRL) 
Which, in response to an exception event, Writes a 
predetermined instruction address into said program 
counter so that a ?rst exception handler assigned to 
said instruction address may be executed. 

[0018] In accordance With a processing speci?ed in the 
?rst exception handler, the control means calculates a sec 
ond instruction address for branching into a second excep 
tion handler from the ?rst exception handler by utiliZing the 
exception code Written into the storage circuit as an address 
offset, and sets the obtained second instruction address to the 
program counter. 

[0019] Branching into the predetermined instruction 
address is, for example, carried out by operating a vector 
point that is obtained by hardWare as shoWn in FIG. 2. As 
shoWn in FIG. 2, a ?rst exception handler assigned to the 
predetermined instruction address (vector point at a desti 
nation) is an exception handler for a TLB miss exception 
event Which is a general exception event speci?c to the 
vector point, is a common exception handler for a plurality 
of general exception events (e.g., a plurality of general 
exception events other than TLB miss exception events) 
speci?c to the vector point, or is a common exception 
handler for a plurality of interrupt events. In the common 
exception handler, the above-mentioned exception code is 
utiliZed as an address offset for branching into another 
exception handler (second exception handler) speci?c to 
individual exceptions. Abase address for the exception code 
(address offset) is determined by the description of the 
common exception handler. The base address may be, for 
example, VBR (value of vector base register) +H‘100 (sym 
bol H‘ means hexadecimal notation), or a value of the 
program counter at the time of branching, or a value 
obtained through a suitable calculation. 

[0020] From another point of vieW, the single-chip data 
processor possesses vector offsets Which are ?xed offsets for 
the vector base addresses in a number smaller than the 
number of exception events in order to change the order of 
executing instructions by the central processing unit depend 
ing upon the occurrence of exception events. 
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[0021] A single-chip data processor according to the 
present invention comprises a ?rst saved register (SSR) in 
Which internal conditions of a status register are stored When 
an exception event occurs, and a second saved register 
(SPC) Which stores a return instruction address correspond 
ing to an instruction stored in said program counter and to 
be executed after the return from the exception handling. 
Employment of the ?rst and second saved registers makes it 
possible to decrease the number of times of access to the 
external memory for saving the internal conditions of the 
status register and return instruction addresses. 

[0022] According to the present invention, furthermore, 
the central processing unit in the single-chip data processor 
includes an arithmetic and logic operation circuit (ALU), a 
constant generating unit or an operation means (CVG, SFT) 
Which generates a predetermined value (vector offset) in 
response to the occurrence of an exception event, and a base 
register (VBR) for storing base addresses of a plurality of 
exception handlers stored in an external memory, and oper 
ates a vector point obtained by hardWare shoWn in FIG. 2. 
Being controlled by the control circuit, the arithmetic and 
logic operation circuit adds a base address and a predeter 
mined value together to generate a predetermined instruction 
address (destination instruction address). According to FIG. 
2, for instance, vector offsets of general exception events 
other than the TLB miss exception events are denoted by 
H100, and vector offsets of the TLB miss exception events 
are denoted by H‘400. The constant-generating unit is con 
stituted by a constant-generating circuit (CVG) that gener 
ates a constant value of tWo bits and a shifting circuit (SFT) 
that shifts by a predetermined amount the constant value of 
tWo bits output from the constant-generating circuit, featur 
ing a simpli?ed circuit constitution. 

[0023] The register Which is a storage circuit for storing 
exception codes is constituted of a ?rst register (EXPEVT) 
assigned to ?rst exception events (e.g., general exception 
events) that occur in synchronism With the operation of the 
central processing unit (CPU) and a second register 
(INTEVT) assigned to second exception events (e.g., inter 
rupt events) that occur out of synchronism With the opera 
tion of the central processing unit. The reset event is 
included in the group of second exception events. 

[0024] The status register (SR) includes a ?rst control bit 
(MD) Which decides Whether the single-chip data processor 
is in a user state in Which a user program is running or a 

supervisor state in Which a system program is running, and 
a second control bit (BL) Which decides Whether to accept 
other exception events that folloW the above-mentioned 
exception events. 

[0025] The control means saves the internal conditions 
and the restored instruction addresses in the ?rst saved 
register (SSR) and in the second saved register (SPC), 
respectively, and then sets to the ?rst control bit the data 
representing the supervisor state, sets to the second control 
bit the data indicating that the other exception events that 
folloW the above-mentioned exception events should be 
masked, and branches the processing to the ?rst exception 
handler assigned to the predetermined instruction address. 
Access to the ?rst and second control bits is accomplished 
relying upon a predetermined supervisor instruction (e.g., 
LDC, STC). 
[0026] That is, as shoWn in FIG. 2, the processor mode on 
the ?rst exception handler assigned to the vector point is in 
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a supervisor state masking multiple acceptance of exception 
events. Here, the supervisor state is different from the user 
state in regard to that the supervisor state makes it possible 
to access to address space Which in the user state could be 
an address error as Well as to execute a supervisor instruction 

(e.g., LDC, STC) that cannot be executed in the user state. 

[0027] In order that the internal conditions and the return 
address can be saved in the ?rst and second saved registers 
When an exception event occurs, it is determined Whether 
multiple acceptance of neW exception events should be 
masked or not on the ?rst exception handler assigned to the 
vector point, and the content thereof is re?ected on the 
control bit. When multiple exception events are to be 
accepted, the contents of the ?rst and second saved registers 
are saved in the memory. 

[0028] In order to decrease the frequency of saving the 
content of the general-purpose register in the memory When 
an exception event occurs or to increase the degree of 
freedom of processing for the general-purpose register, there 
are provided ?rst and second general-purpose register sets to 
constitute a plurality of banks. One of the ?rst and second 
general-purpose register sets is used as general-purpose 
registers in the supervisor state, and the other one of the ?rst 
and second general-purpose register sets is used as general 
purpose registers in the user state. It is desired that the 
register banks of the general-purpose registers are changed 
over by softWare in the supervisor state only. 

[0029] According to the present invention, the single-chip 
data processor further has an instruction break controller 
(UBC). The instruction break controller (UBC) includes an 
instruction break address register (IBR) to Which a break 
point address is set, and generates an instruction break 
exception event When an instruction corresponding to the 
instruction address that is set to the instruction break address 
register is executed by the central processing unit. When the 
instruction break exception is detected in a state Where it is 
instructed to mask the acceptance of multiple exception 
events, the control means does not save the internal condi 
tions and the return instruction address in the ?rst and 
second saved registers but branches the processing to the 
instruction break exception handler. The instruction break 
exception handler saves the above-mentioned conditions 
and the contents of the saved register for saving return 
address in the memory, calculates the return instruction 
address from the instruction break exception handler by 
utiliZing a break point address held by the instruction break 
address register, and Writes the return instruction address 
that is calculated into the second saved register. Thus, the 
instruction break exception event is processed by the excep 
tion handler in a state Where multiple acceptance of the 
exception events has been masked. 

[0030] In the state of masking the multiple acceptance of 
exception events, furthermore, When a ?rst exception event 
other than the instruction break exception event is detected, 
the control means records the exception code thereof into the 
exception register and then branches the processing to a 
reset exception handler. When a second exception event is 
detected, furthermore, the control means masks the accep 
tance of the second exception event until the state of 
masking the multiple acceptance of exception events is 
reset. 

[0031] The folloWing effects are obtained from the above 
mentioned means. 
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[0032] The ?rst exception handler to Which the vector 
point is assigned is regarded, for given exception events 
(e.g., TLB miss exception events), to be an exception 
handler speci?c thereto and is regarded, for other exception 
factors (e.g., general exception events other than TLB miss 
exception events), to be a common exception handler 
including a description for branching to a second exception 
handler (e.g., address error exception events, TLB protect 
violation exception events) Which is a separate exception 
handler provided for each of the factors. 

[0033] In the former case, branching is accomplished to a 
particular ?rst exception handler relying only upon the 
processing by hardWare Without accompanied by memory 
access, and the process can be shifted to a desired exception 
processing at a high speed. In the latter case, the address of 
a destination can be obtained Without accessing the address 
table on the memory since an exception code of a memory 
circuit (exception register) is utiliZed as an address offset for 
branching to another handler, and the same effects can be 
obtained. 

[0034] From another point of vieW, the exception code 
held in the exception register in the latter case is so assigned 
as can be utiliZed as an address offset for branching to a 
further exception handler. For instance, the codes are 
assigned maintaining a gap of H20 that corresponds to 32 
bytes reckoned as addresses. 

[0035] In the latter case, furthermore, the exception code 
is utiliZed as an address offset for branching. Accordingly, 
the base address for the above offset can be freely deter 
mined according to description of the ?rst exception handler 
assigned to the vector point determined by hardWare, mak 
ing it possible to guarantee the degree of freedom for the 
practical address of destination or for the siZe of the excep 
tion handler at the destination. 

[0036] Employment of the register (SSR, SPC) for saving 
the internal conditions and return instruction address, 
decreases the memory access during the saving When an 
exception event has occurred. 

[0037] When the operation clocks of the central process 
ing unit has a multiple of the frequency of the operation 
clocks of peripheral modules Which are regarded to be 
sources of generating interrupt events, registers for storing 
exception codes are provided for the ?rst exception events 
generated in synchronism With the operation of the central 
processing unit and for the second exception events gener 
ated out of synchronism thereWith, to cope With both the 
general exception events Which are the ?rst exception events 
and the interrupt events Which are the second exception 
events. This is to avoid complex processing for Writing 
exception codes into a common register at similar timings 
for the occurrence of the tWo exception events. 

[0038] By setting the initial processor mode on the handler 
at a destination (?rst exception handler) determined by 
hardWare depending upon the exception events, to be con 
stant relying upon the state of masking multiple acceptance 
of exception events and upon the supervisor state, it is 
alloWed to guarantee a high degree of freedom for the 
content of exception handling speci?ed by the user on the 
handler. 

[0039] With the register banks of the general-purpose 
registers being alloWed to be changed over by softWare only 
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in the supervisor state, it is allowed to utilize in the super 
visor state a general-purpose register of a bank Which is 
different from that of the user state. When, for example, the 
processor mode is changed over from the user state to the 
supervisor state in the exception event processing, the con 
tent of the general-purpose register need not be saved in the 
memory, and the processing can be shifted at a high speed 
to the exception event processing. 

[0040] With the instruction break exception events being 
processed in the exception handler in a state of masking 
exception events, it is alloWed to evaluate the system or to 
debug the program by applying instruction break at any 
position even for the programs that are to be debugged in the 
state Where acceptance of multiple exception events is 
masked. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a block diagram of a single-chip micro 
computer according to an embodiment of the present inven 
tion; 

[0042] FIG. 2 is a diagram Which schematically illustrates 
a vector point by hardWare When an exception event is 
generated and the method of this embodiment for branching 
from a pointed handler to another handler; 

[0043] FIG. 3 is a diagram illustrating general-purpose 
registers constituting banks and system registers; 

[0044] FIG. 4 is a diagram illustrating the state of general 
purpose registers and system registers of FIG. 3 in the user 
mode; 

[0045] FIG. 5 is a diagram illustrating the states of gen 
eral-purpose registers and system registers of FIG. 3 in a 
supervisor mode; 

[0046] 
[0047] FIG. 7 is a diagram illustrating interrupt factors 
and assignment of vector offsets; 

[0048] FIG. 8 is a diagram illustrating the correspondence 
betWeen the interrupt events and the exception codes 
assigned thereto; 

[0049] FIG. 9 is a diagram illustrating an exception reg 
ister and a trap register; 

[0050] FIG. 10 is a flow chart illustrating a vector point 
processing determined by hardWare; 

[0051] FIG. 11 is a flow chart illustrating a handler 
processing placed on a vector point; 

[0052] FIG. 12 is a flow chart of a processing of When 
another interrupt event or a general exception event has 
occurred during the processing of an interrupt event or a 
general exception handler; 

[0053] FIG. 13 is an address map of a microcomputer 
according to the embodiment; 

[0054] FIG. 14 is a block diagram of a hardWare for 
forming a vector offset; and 

FIG. 6 is a diagram illustrating a control register; 

[0055] FIG. 15 is a block diagram of a logic for forming 
an exception code. 
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EMBODIMENTS 

[0056] Outline of the microcomputer. 

[0057] FIG. 1 is a block diagram of a single-chip micro 
computer (often referred to as a single-chip microprocessor) 
according to an embodiment of the present invention. The 
microcomputer MPU shoWn in FIG. 1 is formed in a single 
semiconductor substrate or chip such as of single-crystal 
silicon by a knoWn semiconductor integrated circuit process. 
Though there is no particular limitation, the microcomputer 
MPU includes internal buses, Which are a system bus S-bus, 
a cache bus C-bus and a peripheral bus P-bus. That is, the 
microcomputer MPU has a three-bus constitution. Each of 
the internal buses S-bus, C-bus and P-bus has a data bus for 
transferring data, an address bus for transferring address 
signals, and a control bus for transferring control signals. 

[0058] The system bus S-bus are connected With a central 
processing unit CPU, a multiplier MLT, a cache memory 
CACHE, a memory management unit MMU and an instruc 
tion break controller UBC. The cache bus C-bus are con 
nected With the cache memory CACHE, the memory man 
agement unit MMU, the instruction break controller UBC, 
and a bus state controller BSC. The peripheral bus P-bus 
connected to the bus state controller BSC are connected With 
internal peripheral modules such as a timer TMU, a real time 
clock circuit RTC Which continues the timekeeping opera 
tion even When the supply of operation clocks to the central 
processing unit CPU is interrupted, a refresh controller 
REFC for controlling the refresh operation of the dynamic 
memory included in the external memory MMRY, and a 
serial communication interface SCI that executes serial 
communication With external peripheral devices provided 
outside the microcomputer MPU. The bus state controller 
BSC is connected to an external bus EX-bus via an input/ 
output circuit EXIF. To the external bus EX-bus is connected 
an external memory MMRY and an auxiliary storage device 
DISK. The bus state controller BSC executes the start of bus 
cycles for the above-mentioned peripheral modules and for 
the external units, and executes a variety of bus control 
operations. 

[0059] The interrupt controller INTC receives external 
interrupt requests from the peripheral modules and from 
external interrupt terminals IRLO to IRL3 of a plurality of 
bits, and arbitrates interrupt requests in accordance With the 
interrupt priority levels. To accept an interrupt request, the 
interrupt controller INTC sends an interrupt request signal 
SIG1 to the central processing unit CPU. The interrupt 
controller INTC informs the control circuit TLBC of the 
memory management unit MMU of an interrupt event of the 
interrupt request that is accepted in the form of an event 
signal. The central processing unit CPU that has received the 
interrupt request signal SIG1 sends an interrupt acknoWl 
edge signal SIG3 to the control circuit TLBC of the memory 
management unit MMU. In response to the interrupt 
acknoWledge signal SIG3, the control circuit TLB of the 
memory management unit MMU Writes an exception code 
corresponding to the acknoWledged interrupt request into an 
interrupt event register INTEVT Which is a memory circuit. 
By using the exception code set to the interrupt event 
register INTEVT, the control unit CTRL in the central 
processing unit CPU branches the processing from the 
processing of data process program being executed into a 
predetermined interrupt processing. 
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[0060] The microcomputer MPU of this embodiment 
divides the logical address space into units called logical 
pages, and supports the virtual memory to effect the address 
translation into physical address With the page as a unit. An 
address translation look-aside buffer TLB of the memory 
management unit MMU stores a plurality of translation pairs 
related to the logical page numbers and to the physical page 
numbers as TLB entries. The control unit TLB of the 
memory management unit MMU carries out the control 
operation to convert the logical address output by the central 
processing unit CPU into a physical address by using an 
address translation look-aside buffer TLB. In the case of a 
TLB miss exception event, i.e., When the translation pair 
corresponding to the logical address output by the central 
processing unit CPU has not been stored in the address 
translation look-aside buffer as the TLB entry, the control 
unit TLBC accesses a page table on the external memory 
MMRY and reads a translation pair corresponding to the 
logical address from the external memory MMRY. There 
after, the control unit TLBC Writes the translation pair into 
the address translation look-aside buffer TLB as the TLB 
entry. 

[0061] The address translation look-aside buffer TLB may 
include a 4-Way-set-associative cache memory. When a 
variety of exception events occur as Will be described later 
due to address translation such as TLB error, the control unit 
TLBC sets an exception code corresponding to the exception 
event to the exception register EXPEVT Which is a memory 
circuit that Will be described later, and feeds a notice signal 
SIG4 for notifying the occurrence of exception event related 
to the address translation such as TLB miss exception event 
to the control unit CTRL of the central processing unit CPU. 
The central processing unit CPU branches the processing 
from the processing of a data process program being 
executed to a corresponding exception processing by using 
the exception code that is set to the exception register 
EXPEVT or directly by hardWare Without using the excep 
tion code set to the exception register EXPEVT. 

[0062] The central processing unit CPU utiliZes an address 
signal of 32 bits to support logical address space of, for 
example, 4 gigabytes. As shoWn in FIG. 1, the central 
processing unit CPU includes an operation unit 100 made up 
of general-purpose registers R0 to R15 and an arithmetic and 
logic unit ALU; a system control register set 110 such as a 
program counter PC that Will be described later; and a 
control unit CTRL Which fetches instruction, decodes 
instruction, controls the execution procedure of instruction 
and controls arithmetic operation. These circuits (R0 to R15, 
ALU, 110, CTRL) are coupled to the system bus S-bus. The 
central processing unit CPU fetches an instruction from the 
external memory MMRY, and processes the data depending 
upon an instruction code thereof. In FIG. 1, a control signal 
SIG5 stands for a variety of control signals sent from the 
central processing unit CPU to the memory management 
unit MMU and signals for notifying the internal conditions 
of the central processing unit CPU. 

[0063] Though there is no particular limitation, the cache 
memory CACHE is in a 4-Way-set-associative form. An 
index to the cache memory CACHE consists of a part of a 
logical address output from the central processing unit CPU, 
and a physical address is held by a tag portion of cache entry 
of the cache memory CACHE. The logical address output 
from the indexed tag portion is compared With a physical 
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address that is translated by the address translation look 
aside buffer TLB, and a cache miss/hit is judged depending 
upon the result of comparison. In the case of a cache miss, 
the data or instruction related to the cache miss is read from 
the external memory, and the data or instruction that is read 
is stored as a neW cache entry in the cache memory CACHE. 

[0064] The instruction break controller UBC is provided 
to reinforce the debugging function, and monitors Whether 
the state of the system bus S-bus is in agreement With the 
break condition or not. When the state of the system bus 
S-bus is in agreement With the break condition, the central 
processing unit CPU generates a break interrupt. The IBR 
included in the instruction break controller UBC is an 
instruction break address register to Which Will be set an 
instruction address and the like as break conditions. The 
central processing unit CPU executes a service routine prior 
to starting debugging or emulation, and sets in advance 
desired instruction break conditions such as head address of 
an instruction to be broken and operand address to the 
instruction break address register IBR. When the internal 
conditions of the microcomputer MPU come in agreement 
With the instruction break conditions, an instruction break 
exception event occurs as Will be described later. Therefore, 
the central processing unit CPU enables the instruction 
break handler for debugging to be executed. It is therefore 
alloWed to control the break point inside the microcomputer 
MPU. 

[0065] Constitution of Registers in the CPU. 

[0066] Described beloW is the constitution of registers in 
the central processing unit CPU. 

[0067] As shoWn in FIG. 3, the general-purpose registers 
R0 to R15 each have 32 memory bits, and are coupled to the 
system bus via an interface circuit (not shoWn). The general 
purpose registers R0 to R7 are bank registers that are 
changed over by a processor mode. In other Words, the 
general-purpose registers R0 to R7 are provided in tWo sets, 
i.e., banks 0 and banks 1. That is, R0 (BANKO) to R7 
(BANKO) Which pertain to a ?rst general-purpose register 
set, and R0 (BANKl) to R7 (BANKl) Which pertain to a 
second general-purpose register set. The processor mode 
includes a user mode (user state) meaning an operation state 
in Which an application program of a user runs and a 

supervisor mode (supervisor state) meaning an operation 
state in Which a system program such as operating system 
runs. Accordingly, the supervisor state and the user state can 
have their speci?c general-purpose registers R0 to R7, 
respectively. That is, in the user stage shoWn in FIG. 4, 
general-purpose registers R0 (BANKO) of bank 0 are uti 
liZable. In the supervisor state, the mode for utiliZing the 
general-purpose registers R0 to R7 are determined depend 
ing upon the state of setting register bank bits RB (SR, RB) 
of a status register SR that Will be described later. 

[0068] In the supervisor state as shoWn in, for example, 
FIG. 5, When RB=0, then, R0 (BAN K0) to R7 (BAN K0) are 
permitted to be freely used as general-purpose registers, and 
R0 (BANKl) to R7 (BANKl) are accessed by only the 
control load instruction (LDC) and the control store instruc 
tion (STC). When RB=1, contrary to the above, R0 
(BAN K1) to R7 (BAN K1) are permitted to be freely used as 
general-purpose registers, and R0 (BANKO) to R7 
(BANKO) are accessed by only the control load instruction 
(LDC) and the control store instruction (STC). The control 






















