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EXCEPTION HANDLING IN A PROCESSOR THAT PERFORMS 

SPECUlATIVE OUT-OF-OP.OER U!ST:mcrrnN EX~CUTION 

BACKGROUND OF THE INVF.NTION 

FIELD OF THE INVENTION; 

The present invention pertains to the field of computer systems. More 

particularly, this invention relates to coordinating exception handling in a 

processor that performs speculative out-of-order instruction execution. 

2. BACKGROUND: 

Typical prior computer processors implement in-order instruction 

execution pipelines. An in-order processor usually fetches an instruction 

stream from a memory, and executes each instruction in the instruction 

stream according to a sequential program order. Such in-order instruction 

15 execution ensures that data dependencies among the instructions are strictly 

observed. 

A processor may perform out-of-order instruction execution to increase 

instruction execution performance. Such a processor executes ready 

20 instructions in the instruction stream ahead of earlier instructions in the 

program order that are not ready. A ready instruction is typically an 

instruction having fully assembled source data and available execution 

resources. 

25 Such out-of-order execution improves processor performance because 

the instruction execution pipeline of the processor does not stall while 

awaiting source data or execution resources for a non ready instruction. For 
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example, an instruction in the instruction stream may require source data 

from a processor register, wherein the processor register is loaded by a 

pending external memory fetch operation. Such an instruction awaiting the 

results of the external memory fetch does not stall the execution of later 

5 instructions in the instruction stream that are ready to execute. 

A processor may also perform speculative instruction execution to 

increase instruction execution performance. Such a processor typically 

determines a speculative execution path thro1:1gh a prog~am by predicting the 

10 result of branch instructions. Such a processor fetches an instruction stream 

from a memory, predicts a branch result for each branch instruction, and 

continues fetching and executing the instruction stream according to the 

predicted branch result. Such speculative execution increases processor 

performance because the instruction fetch pipeline does not stall during the 

15 resolution of branch instru.~tions. 

A processor that performs both speculative and out-of-order 

instruction execution generates speculative result data in an out-of-order 

sequence in relation to the original program order. The result data is out-of-

20 order because the instructions that cause generation of the result data are 

executed out-of-order. The result data is speculative until the branch 

prediction or predictions that caused speculative execution of the instructions 

is resolved. 

25 Such a speculative out-of-order processor requires a mechanism for 

coordinating exceptions that oc_cur during the speculative out-of-order 

execution of the instructions. The exceptions include, for example, software 
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traps and software faults. An example of a software fault is a page fault 

during a memory access. An example of a trap is a data breakpoint trap. In 

addition, such a speculative out-of-order processor must coordinate the 

handing of asynchronous events such as interrupts. 

A speculative out-of-order processor detects such exceptions out-of­

order in relation to the original program order because the instructions 

causing the exceptions are executed out-of-order. Nevertheless, the 

programming model for such a processor typically requires processing of 

10 exceptions in the sequential program order. Moreover, such a programming 

model typically prohibits exceptions caused by instructions executed due to a 

mispredicted branch~ As a consequence, such a speculative out-of-order 

processor requires a mechanism for processing exceptions and asynchronous 

events consistent with existing programming models for the processor. 
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SUMMARY AND OBJECTS OF THE INVENTION 

One object of the present invention is to coordinate the processing of 

exceptions in a processor that performs speculative branch prediction and 

5 out-of-order instruction execution. 

10 

Another object of the present invention is to coordinate the processing 

of asynchronous events in a processor that performs speculative branch 

prediction and out-of-order instruction execution. 

Another object of the present invention is to coordinate the processing 

of exceptions and asynchronous events by logging the exceptions with the 

corresponding result data during instruction execution and by testing for the 

exceptions and asynchronous events at the point at which the result data is 

15 committed to an architectural state. 

A further object of the present invention is to coordinate the 

processing of exceptions and asynchronous events in a processor that 

performs speculative branch prediction and out-of-order instruction 

20 execution wherein each instruction is decoded into one or more micro-ops 

that are executed according to the availability of execution resources in the 

processor. 

These and other objects of the invention are provided by a method for 

25 coordinating exceptions in a processor. The processor fetches an instruction 

stream according to a sequential program order, wherein the instruction 

stream comprises a series of instructions. The processor generates a result 
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data value and an exception data value for each instruction by executing each 

instruction according to availability of execution resources in the processor. 

Each exception data value specifies whether the corresponding instruction 

causes an exception. 

The processor commits the result data values to an architectural state 

of the processor in the sequential program order. The processor fetches an 

exception handler to process the exception if the exception is indicated by one 

of the exception data values at the time the corresponding result data value 

10 would have been committed to the architectural state of the processor. The 

processor fetches an appropriate asynchronous event handler to process an 

asynchronous event if the asynchronous event is detected. 

Other objects, features and advantages of the present invention will be 

15 apparent from the accompanying drawings, and from the detailed description 

that follows below. 
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PRIEF DESCRIYDON OFJJiE DRAWINGS 

The present invention is illustrated by way of example and not 

limitation in the figures of the accompanying drawings in which like 

5 references indicate similar elements, and in which: 

Figure 1 illustrates a computer system comprising a processor, and a 

memory subsystem; 

10 Figure 2 illustrates the processor for one embodiment which comprises 

a front end pipeline, an instruction issue section, and an out-of-order 

execution pipeline; 

Figure 3 illustrates the front end pipeline for one embodiment which 

15 comprises a bus interface {1/F) circuit, an instruction cache circuit, a program 

counter circuit, an instruction decode circuit, and a branch predict circuit; 

Figure 4 illustrates the instruction issue section for one embodiment 

which comprises an instruction decode circuit, a microinstruction sequencer, 

20 a register alias circuit, and an allocator circuit; 

25 

Figure 5 illustrates the out-of-order execution pipeline for one 

embodiment which comprises a reorder buffer, a real register file, a retire 

control circuit, a dispatch circuit, and an execution circuit; 

Figure 6 illustrates the reorder buffer for one embodiment which 

implements a reorder buffer (ROB) register file comprising a set of ROB 
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entries that buffer speculative result data values from the out-of-order 

execution of corresponding physical micro-ops; 

Figure 7 illustrates the real register fiJe for one embodiment which 

5 implements a set of committed state registers that hold committed result data 

values; 

Figure 8 illustrates the dispatch circuit for one embodiment, and shows 

a dispatch table comprising a set of reservation station entries RSO through 

10 RSy; 

Figure 9 illustrates execution units in the execution circuit that execute 

memory load and memory store micro-ops for one embodiment; 

15 Figure 10 illustrates a method for coordinating exceptions in the 

processor for one embodiment. 
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J2.ITAll.ED DESCRll7DON 

Figure 1 illustrates a computer system 10. The computer system 10 

comprises a processor 12 and a memory subsystem 16. The processor 12 and 

5 the memory subsystem 16 communicate over a host bus 14. 

The processor 12 fetches a stream of instructions from the memory 

subsystem 16 over the host bus 14 through the cache circuit 24. The processor 

12 executes the stream of instructions and ma.intains data storage in the 

10 memory subsystem 16. 

15 

Figure 2 illustrates the processor 12 for one embodiment. The 

processor 12 comprises a front end pipeline 200, an instruction issue section 

210, and an out-of-order execution pipeline 220. 

The front end pipeline 200 fetches instructions over the host bus 14, 

performs speculative branch prediction for the instructions, and transfers an 

in-order stream of instructions to the instruction issue section 210 over a bus 

142. The front end pipeline 200 senses external interrupts on the host bus 14 

20 and transfers corresponding interrupt vectors for the external interrupts over 

an interrupt vector bus 96. The front end pipeline 200 communicates with 

the out-of-order execution pipeline 220 over a memory access bus 74 during 

execution of memory load and store operations. 

25 For one embodiment, the instructions fetched by the front end pipeline 

200 comprise Intel Architecture Microprocessor instructions. The Intel 

Architecture Microprocessor instructions operate on a set of architectural 
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registers, including an EAX register, an EBX register, an ECX register, and an 

EDX register, etc., as well as floating-point registers. 

The instruction issue section 210 receives the in-order stream of 

5 instructions over the bus 142, and generates an in-order stream of physical 

micro operations, hereinafter referred to as physical micro-ops. The 

instruction issue section 210 generates one or more physical micro-ops for 

each instruction fetched from the memory subsystem 16. 

10 The instruction issue section 210 generates the in-order physical micro-

ops by decoding the instructions into logical micro-ops and by renaming the 

logical register sources and destinations of the logical micro-ops. The 

instruction issue section 210 tracks the available resources in the out-of-order 

execution pipeline 220, and assigns the available resources to the physical 

15 micro-ops. The instruction issue section 210 transfers the in-order stream of 

physical micro-ops over a physical micro-op bus 52. 

The physical micro-ops are micro operations that perform the function 

of the corresponding instruction. The physical micro-ops specify ari thrnetic 

20 and logical operations as well as load and store operations to the memory 

subsystem 16. Each physical micro-op may include 0, 1, or 2 register source 

operands and 0 or 1 immediate operands. The register sources of the physical 

micro-ops specify physical registers contained in the out-of-order pipeline 220 

that buffer speculative data and committed state registers in the out-of-order 

25 pipeline 220 that contain the committed architectural state of the processor 12. 
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The out-of-order execution pipeline 220 receives the in-order physical 

micro-ops over the physical micro-op bus 52. The out-of-order execution 

pipeline 220 executes the physical micro-ops according to the availability of 

register source data and execution resources. 

The out-of-order execution pipeline 220 buffers the speculative result 

data and the speculative fault status from the out-of-order execution. The 

out-of-order execution pipeline 220 retires the speculative result data to an 

architectural state in the same order as the corresponding physical micro-ops 

10 are issued by the front end pipeline 200 and checks for exceptions at that time. 

The out-of-order execution pipeline 220 signals exceptions by 

transferring exception vectors to the instruction issue section 210 over an 

exception vector bus 92. Each exception vector specifies the type of exception. 

15 The out-of-order execution pipeline 220 issues a restart control signal 90 to the 

instruction issue section 210 and the front end pipeline 200 to halt the 

incoming instruction stream if an exception is detected. 

The instruction issue section 210 retrieves exception information over 

20 a control register bus 94 from the out-of-order execution pipeline 220. The 

instruction issue section 210 implements routines for handling the 

exceptions, and accordingly issues micro-ops to the out-of-order execution 

pipeline 220. 

25 Figure 3 illustrates the front end pipeline 200 for one embodiment. 

The front end pipeline 200 comprises a bus interface (l/F} circuit 22, an 
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instruction cache circuit 24, a program counter circuit 28, an instruction 

decode circuit 26, and a branch predict circuit 20. 

The instruction cache circuit 24 interfaces to the host bus 14 through 

5 the bus interface circuit 22. The instruction cache circuit 24 fetches 

instructions from the memory subsystem 16 through the bus interface circuit 

22 and over a bus 141. The instruction cache circuit 24 buffers the instructions 

fetched from the memory subsystem 16. 

10 The bus interface circuit 22 senses interrupts on the host bus 14. The 

bus interface circuit 22 transfers interrupt vectors over the interrupt vector 

bus 96 to the out-of-order execution pipeline 220. The interrupt vectors on 

the interrupt vector bus 96 identify the external interrupts on the host bus 14. 

15 The bus interface circuit 22 enables the out-of-order execution pipeline 

20 

220 to communicate over the host bus ·14 through the memory access bus 74. 

The out-of-order execution pipeline 220 accesses the memory subsystem 16 

through the bus interface circuit 22 during execution of memory load and 

store operations. 

The program counter circuit 28 controls the sequence of instruction 

flow from the instruction cache circuit 24. The program counter circuit 28 

transfers instruction addresses over a program counter bus 140. The 

instruction addresses cause the instruction cache circuit 24 to transfer a stream 

25 of instructions to the instruction decode circuit 26 over the bus 142 in a 

sequential program order. 
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The program counter circuit 28 receives the restart control signal 90 

from the out-of-order execution pipeline 220 indicating detection of an 

exception. The restart control signal 90 causes the program counter circuit 28 

to halt the transfer of instruction addresses over the program counter bus 140 

5 and halt the instruction stream from the instruction cache circuit 24. 

The branch predict circuit 20 predicts the branches in the stream of 

instructions accessed from the instruction cache circuit 24. The branch predict 

circuit 20 receives the instruction addresses on the program coWlter bus 140, 

10 and generates predicted target addresses based upon the instruction addresses. 

The branch predict circuit 20 transfers the predicted target addresses to the 

program coWlter circuit 28 over a branch target bus 130. 

Figure 4 illustrates the instruction issue section 210 for one 

15 embodiment. The instruction issue section 210 comprises an instruction 

decode circuit 26, a microinstruction sequencer 30, a register alias circuit 34, 

and an allocator circuit 36. 

The instruction decode circuit 26 receives the in-order stream of 

20 instructions from the instruction cache circuit 24 over the bus 142, and 

converts the instructions into an in-order stream of logical micro-ops. The 

instruction decode circuit 26 generates one or more logical micro-ops for each 

instruction from the instruction cache circuit 24. 

25 The logical micro-ops generated ·by the instruction decode circuit 26 are 

micro operations that perform the function of the corresponding instruction. 

The logical micro-ops specify arithmetic and logical operations as well as load 
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and store operations to the memory subsystem 16. Each logical mia'o-op may 

specify register source operands and/or immediate data operands. 

The instruction decode circuit 26 transfers the in-order stream of logical 

5 micro-ops to the register alias circuit 34 over a logical micro-op bus 50. For 

one embodiment, the instruction decode circuit 26 issues up to four in-order 

logical micro-ops during each clock cycle of the processor 12. 

Each logical micro-op on the logical micro-op bus 50 comprises an 

10 opcode, a pair of logical register sources and a logical register destination, a set 

of flow markers and an instruction pointer delta value. The opcode specifies 

a function for the corresponding logical micro-op. Each logical register source 

may specify a register source for operand data, and the logical register 

destination may specify a register destination for result data for the 

15 corresponding logical micro-op. The register logical register sources and the 

logical register destinations of the logical micro-ops correspond to the 

architectural registers of the original instructions. 

The flow markers indicate the boundaries of the original instructions 

20 corresponding to the logical micro-ops. The original instructions are also 

referred to as macroinstructions. The flow markers include a beginning of 

macroinstruction (BOM) flow marker, and an end of macroinstruction (EOM) 

flow marker. The BOM flow marker indicates that the corresponding logical 

micro-op is the first logical micro-op of a macroinstruction, and the EOM 

25 marker indicates that the corresponding logical micro-op is the last logical 

micro-op of the macroinstruclion. If a macroinstruction maps to only one 
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logical micro-op, then that logical micro-op carries both the BOM and the 

EOM flow markers. 

The instruction pointer delta value for a logical micro-op indicates the 

5 length in bytes of the corresponding macroinstruction. For example, each 

logical micro-op corresponding to a four byte macroinstruction has a 

macroinstruction pointer delta value equal to four. 

The register alias circuit 34 receives th~ in-order logical micro-ops over 

10 the logical micro-op bus 50, and generates a corresponding set of in-order 

physical micro-ops by renaming the logical register sources and the logical 

register destinations of the logical micro-ops. The allocator circuit 36 tracks 

the available resources the out-of-order execution pipeline 220. The allocator 

circuit 36 assigns resources in the out-of-order execution pipeline 220 to the 

15 physical micro-ops transferred over the physical micro-op bus 52. 

The register alias circuit 34 implements a register alias table that 

specifies whether the current state for each architectural register is 

speculatively held in the out-of-order execution pipeline 220 or is retired to a 

20 committed state register in the out-of-order execution pipeline 220. 

The register alias table enables logical to physical register renaming by 

mapping the logical register sources and destinations to the physical register 

sources and destinations. The physical register sources and d~stinations of 

25 the physical micro-ops specify reorder buffer (ROB) entries and committed 

state registers of the out-of-order execution pipeline 220. 
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The entries in the register alias table correspond to the architectural 

registers of the original instruction stream. For one embodiment, the entries 

of the register alias table correspond to the EAX, EBX, ECX, and EDX, etc. 

registers of the Intel Architecture Microprocessor. 

Each entry in the register alias table stores a ROB pointer. The ROB 

pointer specifies a ROB entry in the out-of-order execution pipeline 220 · 

assigned to buffer the speculative result data for the corresponding 

architectural register. Each entry in the register alias table also stores a real 

10 register file valid (rrfv) flag that indicates whether the speculative result data 

for the corresponding architectural register is contained in the appropriate 

committed state register in the out-of-order execution pipeline 220. 

The allocator circuit 36 transfers a set of assigned physical register 

15 destinations pdst_O through pdst_3 to the register alias circuit 34 over a 

physical destination bus 56. The assigned physical register destinations pdst_O 

through pdst_3 specify ROB entries in the out-of-order execution pipeline 220 

for buffering speculative results for the physical micro-ops. The assigned 

physical register destinations pdst_O through pdst_3 are stored in the register 

20 alias table and are used by the register alias circuit 34 to rename the logical 

register destinations of the logical micro-ops into physical register 

destinations. 

The allocator circuit 36 assigns the ROB entries of the out-of-order 

25 execution pipeline 220 to the physical micro-ops in the same order that logical 

micro-ops are received over the logical micro-op bus 50. The allocator circuit 

36 maintains an allocation pointer for allocating ROB entries. The allocator 
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circuit 36 receives retirement pointers and valid signals over the retire 

control bus 70, and accordingly deallocates retired ROB entries. The 

deallocated ROB entries become available for reallocation. 

5 The register alias circuit 34 receives a set of in-order logical micro-ops 

lmop_O through lmop_3 over the logical micro-op bus 50 during each 

pipeline clock of the processor 12. Each logical micro-op lmop_O through 

lmop_3 comprises an opcode, a pair of logical register sources lsrcl and lsrc2, 

and a logical register destination ldst, a set of flow markers, and an instruction 

10 pointer delta value. The logical register sources and the logical register 

destination each specify an architectural register of the original stream of 

instructions. 

The register alias circuit 34 transfers a corresponding set of in-order 

15 physical micro-ops pmop_O through pmop_3 over the physical micro-op bus 

52. Each physical micro-op comprises the opcode of the corresponding logical 

micro-op, a pair of physical register sources psrcl and psrc2, a physical register 

destination pdst, and the flow markers and the instruction pointer delta 

value of the corresponding logical micro-op. Each physical register 

20 destination pdst specifies a ROB entry in the out-of-order execution pipeline 

220 to hold speculative result data for the corresponding physical micro-op. 

The physical register sources psrcl and psrc2 each specify a ROB entry 

or a committed state register in the out-of-order execution pipeline 220. Each 

25 physical register sources psrcl and psrc2 on the physical micro-op bus 52 

includes a corresponding rrfv flag. The rrfv flag indicates whether the 
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corresponding physical register source specifies a ROB entry or a committed 

state register. 

The register alias circuit 34 generates the physical micro-ops by 

5 mapping the logical register sources of the logical micro-ops to the ROB 

entries and the committed state registers of the out-of-order execution 

pipeline 220 according to the register alias table. The register alias circuit 34 

merges assigned physical register destinations pdst_O through pdst_3 into the 

physical register destinations pdst of the physical micro-ops pmop_O through 

10 pmop_3. 

The register alias circuit 34 determines a physical register source for a 

physical micro-op by reading the register alias table entry specified by the 

corresponding logical register source. If the rrfv flag of the specified register 

15 alias table entry is not set, then the register alias circuit 34 transfers the ROB 

pointer from the specified register alias table entry along with the 

corresponding rrfv flag over the physical micro-op bus 52 as the physical 

register source. If the rrfv flag of the specified entry is set, then the register 

alias circuit 34 transfers a pointer to the committed state register in the out-of-

20 order execution pipeline 220 that corresponds to the logical register source as 

the physical register source, and transfers the corresponding rrfv flag over the 

physical micro-op bus 52. 

The register alias circuit 34 stores the physical register destinations 

25 pdst_O through pdst_3 into the ROB pointer fields of the register alias table 

entries specified by the logical register destinations ldst of the logical ·micro­

ops lmop_O through lmop_3, and clears the corresponding rrfv flags. The 
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clear rrfv flag indicates that the current state of the corresponding 

architectural registers are assigned to ROB entries in the out-of-order 

execution pipeline 220 as specified by the corresponding ROB pointers. 

5 For example, the register alias circuit 34 generates the physical register 

source psrcl for the physical micro-op pmop_O by reading the register alias 

table entry specified by the logical register source lsrcl of the lmop_O. If the 

rrfv flag of the specified register alias table entry is not set, then the register 

alias circuit 34 transfers the ROB pointer from the specified register alias table 

10 entry along with the corresponding rrfv flag over the physical micro-op bus 

52 as the physical register source psrcl for the pmop_O. If the rrfv flag of tht: 

specified register alias table entry is set, then the register alias circuit 34 

transfers a pointer to the committed state register that corresponds to the 

logical register source lsrcl along with L'ae rrfv flag over the physical micro-op 

15 bus 52 as the physical register source psrcl for. the pmop_O. 

The register alias circuit 34 generates the physical register source psrc2 

for the physical micro-op pmop_O by reading the register alias table entry 

specified by the logical register source lsrc2 of the lmop_O. If the rrfv flag of 

20 the specified register alias table entry is not set, then the register alias circuit 34 

transfers the ROB pointer from the specified entry along with the 

corresponding rrfv flag over the physical micro-op bus 52 as the physical 

register source psrc2 for the pmop_O. If the rrfv flag is set, then the register 

alias circuit 34 transfers a pointer to the committed state register that 

25 corresponds to the logical register source Isrc2 along with the rrfv flag over 

the physical micro-op bus 52 as the physical register source psrc2 for the 

pmop_O. 
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The register alias circuit 34 stores the allocated physical register 

destination pdst_O into the ROB pointer field of the register alias table entry 

specified by the logical register destination ldst of the lmop_O, and clears the 

5 corresponding rrfv flag. The register alias circuit 34 also transfers the 

allocated physical register destination pdst_O over the physical micro-op bus 

52 as the physical destination pdst for the physical micro-op pmop_O. 

The register alias circuit 34 receives retirement pointers and valid 

10 signals over the retire control bus 70. The register alias circuit 34 accordingly 

updates the register alias table entries corresponding to the retired ROB 

entries. The register alias circuit 34 updates the rrfv flags of the register alias 

table entries for the retired ROB entries to indicate that the corresponding 

architectural registers are held in a committed state register in the out-of-

15 order execution pipeline 220. 

The microinstruction sequencer 30 implements microcode for 

handling exceptions detected in the out-of-order execution pipeline 220 

during execution of micro-ops that correspond to instructions fetched from 

20 the memory subsystem 16. The microinstruction sequencer 30 also 

implements microcode that emulates the interrupt service mechanism for 

the processor 12. For one embodiment, the microinstruction sequencer 30 

emulates the interrupt service mechanism of the Intel Microprocessor 

Architecture. 

25 

The microinstruction sequencer 30 receives an exception vector from 

the out-of-order execution pipeline 220 over the exception vector bus 92 if an 
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exception is det~cted. The microinstruction sequencer 30 accesses exception 

information over the control register bus 94, and then issues micro-ops to the 

instruction decode circuit 26 to handle the specified exception. The exception 

handling micro-ops issued by the microinstruction sequencer 30 are decoded 

5 and renamed and executed in the out-of-order execution pipeline 220. 

Figure 5 illustrates the out-of-order execution pipeline 220 for one. 

embodiment. The out-of-order execution pipeline 220 comprises a reorder 

buffer 42, a real register file 44, a retire control drcuit 46, a dispatch circuit 38, 

10 and an execution circuit 40. · 

The dispatch circuit 38 buffers the physical micro-ops awaiting 

execution by an execution circuit 40. The dispatch circuit 38 receives the 

opcodes and physical register destinations for the physical micro-ops over the 

15 physical micro-op bus 52 and stores the opcodes and physical register 

destinations into reservation station entries assigned by the allocator circuit 

36. The dispatch circuit 38 assembles source data for the physical micro-ops, 

and dispatches the physical micro-ops to appropriate execution units in the 

execution circuit 40 according to availability of source data and execution 

20 resources. 

The reorder buffer 42 contains the ROB entries that buffer speculative 

results for the physical micro-ops. Each ROB entry in the reorder buffer 42 

can buffer either integer or floating-point result data values. Each ROB entry 

25 contains a valid flag that indicates whether the corresponding result data 

value is valid. 
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The real register file 44 contains committed state registers that hold the 

committed state of the architectural registers of the original stream of 

instructions. The committed result data values in the committed state 

registers always provide valid source data. Each physical register source 

5 specifies either a ROB entry or a committed state register. 

The reorder buffer 42 and the real register file 44 receive the physical 

micro-ops over the physical micro-op bus 52. The physical register sources 

psrcl and psrc2 of each physical micro-op can each specify either a ROB entry 

10 in the reorder buffer 42 or a committed state register in the real register file 44. 

15 

Each physical register source psrcl and psrc2 on the physical micro-op bus 52 

includes a real register file valid (rrfv) flag that indicates whether the 

corresponding physical register source specifies a ROB entry or a committed 

state register. 

The reorder buffer 42 reads the result data values and corresponding 

valid flags from the ROB entries specified by the physical register sources 

psrcl and psrc2 of each physical micro-op pmop_O through pmop_3. The 

reorder buffer 42 transfers the result data values and corresponding valid flags 

20 to the dispatch circuit 38 over a source data bus 58. 

The real register file 44 reads the result data values from the committed 

state registers specified by the physical register sources psrcl and psrc2 of each 

physical micro-op pmop_O through pmop_3. The real register file 44 

25 transfers the result data values to the dispatch circuit 38 over the source data 

bus 58. The result data values from the real register file 44 have 

corresponding valid flags that indicate valid data. 



- 22 -

The physical register destinations of the physical micro-ops on the 

physical micro-op bus 52 specify ROB entries in the reorder buffer 42 for 

buffering result data from execution of the physical micro-ops. The reorder 

5 buffer 42 clears the ROB entries specified by the physical register destinations 

pdst of each physical micro-op pmop_O through pmop_3. The reorder buffer 

42 then stores the logical register destinations of the physical micro-ops into 

the newly allocated ROB entries. 

10 The dispatch circuit 38 receives the source data values and 

corresponding valid flags over the source data bus 58. The dispatch circuit 38 

stores the source data values and corresponding valid flags into the 

reservation station entries assigned to the corresponding physical micro-ops. 

15 The dispatch circuit 38 also receives source data values and 

corresponding valid flags for the pending physical micro-ops from the 

execution circuit 40 over a result bus 62 during a write back of result data 

values from the execution circuit 40 to the reorder buffer 42. The dispatch 

circuit 38 stores the write back source data values and corresp<>nding valid 

20 flags into the reservation station entries assigned to the corresponding 

physical micro-ops. 

The dispatch circuit 38 schedules the physical micro-ops having 

completely assembled source data values for execution. The dispatch circuit 

25 38 dispatches the ready physical micro-ops to the execution circuit 40 over a 

micro-op dispatch bus 60. The dispatch circuit 38 schedules execution of 

physical micro-ops out-of-order according to the availability of the source data 
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values for the physical micro-ops, and according to the availability of 

execution unit resources in the execution circuit 40. 

The execution circuit 40 writes back the speculative result data values 

5 and exception status from the out-of-order execution of the physical micro­

ops to the reorder buffer 42 over the result bus 62. The writes back of 

speculative result data values and exception status by the execution circuit 40 

is out-of-order due to the out-of-order dispatching of physical micro-ops by 

the dispatch circuit 38 and the differing number of processor cycles of the 

10 processor 12 required for execution of the differing types of physical micro-

ops. 

For one embodiment, the execution circuit 40 comprises a set of five 

execution units, and the dispatch circuit 38 dispatches up to five physical 

15 micro-ops concurrently to the execution circuit 40 over the micro-op dispatch 

bus 60. 

The retire control circuit 46 controls a retirement operation during 

each cycle of the processor 12 pipeline clock. During each retirement 

20 operation, the speculative results held in the reorder buffer 42 are committed 

to an architectural state in the same order as the original logical micro-ops 

were received. During retirement, the speculative result data values from a 

sequential set of ROB entries are transferred to the corresponding committed 

state registers of the real register file 44 over a retire data bus 64. 

25 

The retire control circuit 46 controls the retirement of speculative 

results stored in the reorder buffer 42. During each cycle of the processor 12, 
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the retire control circuit 46 transfers a retirement pointer over the retire 

control bus 70. The retirement pointer specifies a set of ROB entries in the 

reorder buffer 42 for a retirement operation. The retirement pointer on the 

retire control bus 70 causes the reorder buffer 42 to transfer the result data, 

5 exception data, flow markers, and instruction pointer delta values from the 

specified ROB entries over the retire data bus 64. 

The retire control circuit 46 receives the result data, exception data, 

flow markers, and instruction pointer delta values over the retire data bus 64, 

10 and determines whether an exception corresponds to any of the retiring 

micro-ops. The retire control circuit 46 also receives interrupt vectors over 

the interrupt vector bus 96 indicating any external interrupt. The retire 

control circuit 46 also receives machine check signals and inputs from 

external debug pins of the processor 12 over the interrupt vector bus 96. The 

15 machine checks include, for example, any parity errors detected during data 

transfer over the host bus 14. 

The retire control circuit 46 transfers an exception vector to the 

microinstruction sequencer 30 over the exception vector bus 92 if an 

20 exception is detected. The retire control circuit 46 issues the restart control 

signal 90 if an exception is detected. The exceptions specified by the exception 

vector include such events as faults, traps, software traps, external interrupts, 

and machine checks. 

25 The restart control signal 90 causes the program counter circuit 28 to 

halt the incoming instruction stream. The restart control signal 90 clears the 

speculative result data in the reorder buffer 42. The restart control signal 90 
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clears the pending physical micro-ops in the dispatch circuit 38 and the 

physical micro-ops executing in the execution circuit 40. The restart control 

signal 90 resets the register alias circuit 34 to map all architectural registers to 

the corresponding committed state registers in the real register file 44. The 

5 restart control signal 90 also resets the allocation pointer of the allocator 

circuit 36 to indicate a cleared reorder buffer 42, and causes deallocation of all 

the reservation station entries of the dispatch circuit 38. 

The retire control circuit 46 then transfers valid signals to the real 

10 register file 44 over the retire control bus 70. The valid signals indicate which 

ROB entries on the retire data bus 64 are written to the corresponding 

committed state registers. The valid signals cause the real register file 44 to 

store the specified result data on the retire data bus 64 into the appropriate 

committed state registers. The valid signals on the retire control bus 70 are 

15 also received by the register alias circuit 34 and the allocator circuit 36. The 

register alias circuit 34 accordingly updates the rrfv flags, and the allocator 

circuit 36 accordingly deallocates the retired ROB entries. 

The retire control circuit 46 determines an updated value of the 

20 architectural instruction pointer for the processor 12 during each retirement 

operation. The retire control circuit 46 determines an updated instruction 

pointer value according to target addresses generated by retiring branch 

micro-ops and according to the instruction pointer delta values of the retiring 

micro-ops. The retire control circuit 46 also stores the exception data 

25 corresponding to the micro-op that causes an exception. 
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The microinstruction sequencer 30 receives the exception vector over 

the exception vector bus 92. The microinstruction sequencer 30 then accesses 

the exception data corresponding to the exception and the updated instruction 

pointer from the retire control circuit 46 over the control register bus 74. The 

5 microinstruction sequencer 30 also accesses other information for interrupts 

and machine checks from the retire control circuit 46 over the control register 

bus 74 as necessary. 

If the exception vector indicates an exception caused by a load or store 

10 micro-op, the microinstruction sequencer 30 accesses additional exception 

information from the execution circuit 40 over the control register bus 74. 

The additional exception information includes, for example, the memory 

address for the load or store micro-op causing the exception. 

15 Figure 6 illustrates the reorder buffer 42 for one embodiment. The 

reorder buffer 42 implements a reorder buffer (ROB) register file 82 

comprising a set of ROB entries (REO through REx). The ROB entries RED 

through REx .buffer speculative result data values from the out-of-order 

execution of corresponding physical micro-ops. Each ROB entry comprises a 

20 valid flag (V), a result data value, a set of flags, a logical register destination 

(LOST), exception data, flow markers, and an instruction pointer delta value 

(IPL\). 

For one embodiment, the ROB entries RED through REx comprise a set 

25 of 64 physical registers. 
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The valid flag of each ROB entry indicates whether the corresponding 

result data value is valid. The valid flag is set during the result write back to 

the ROB entry from the execution circuit 40. The reorder buffer 42 clears the 

valid flag for each newly allocated ROB entry to indicate an invalid result 

5 data. 

The result data value of each ROB entry is a speculative result from the 

out-of-order execution of the corresponding physical micro-op. The result 

data value may be either an integer data value or a floating-point data value. 

10 For one embodiment, the result data value field of each ROB entry REO 

through REx comprises 86 bits to accommodate both integer and floating­

point data values. 

The flags of each ROB entry provide speculative architectural flag 

15 information. The speculative architectural flag information is transferred to 

the architectural flags of the real register file 44 upon retirement of the 

corresponding ROB entry. 

The logical register destination LOST of each ROB entry specifies a 

20 committed state register in the real register file 44. The result data value of 

the corresponding ROB entry is transferred to the committed state register 

specified by LOST during retirement of the ROB entry. 

The exception data of each ROB entry contains exception information 

25 from execution of the corresponding physical micro-op. The flow markers of 

each ROB entry relate the ROB entry to the boundaries of the original 
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instruction, and the instruction pointer delta value (IPA) indicates the byte 

length of the original instruction corresponding to the ROB entry. 

The reorder buffer 42 receives the physical micro-ops pmop_O through 

5 pmop_3 over the physical micro-op bus 52. The reorder buffer 42 reads the 

ROB entries specified by the physical register sources psrcl and psrc2 of the 

physical micro-ops from the ROB register file 82. The reorder buffer 42 · 

transfers the result data values and the valid flags from the specified ROB 

entries over the source data bus 58. 

10 

The reorder buffer 42 clears the valid flags of the ROB entries specified 

by the physical register destinations pdst of the physical micro-ops received 

over the physical micro-op bus 52. The reorder buffer 42 clears the valid flags 

to indicate that the corresponding result data value is not valid until the 

15 execution circuit 40 writes back results for the physical micro-ops. 

The reorder buffer 42 then stores the logical register destinations, the 

flow markers, and the instruction pointer delta values into the corresponding 

fields of the ROB entries specified by the physical register destinations of the 

20 physical micro-ops. The logical register destination in the LOST field of a 

ROB entry specifies a committed state register in the real register file 44 for 

retirement of the corresponding ROB entry. 

The reorder buffer 42 receives write back results from the execution 

25 circuit 40 over the result bus 62. Each write back result on the result bus 62 

comprises a result data value and corresponding valid flag, a physical register 

destination, and exception data. 
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The reorder buffer 42 stores the write back results from the execution 

circuit 40 into the ROB entries specified by the physical register destinations 

on the result bus 62. The reorder buffer 42 stores the result data value and 

5 corresponding valid flag into the result data value and valid flag fields, and 

stores the exception data into the exception data field of the ROB entry 

specified by the physical register destination. 

The write back valid flag from the execution circuit 40 sets the valid 

10 flag in the specified ROB entry. The write back valid flag indicates that the 

ROB entry contains a valid result data value and exception data from 

execution of the corresponding physical micro-op. 

Figure 7 illustrates the real register file 44 for one embodiment. The 

15 real register file 44 implements a set of committed state registers that hold 

committed result data values. The committed state registers in real register 

file 44 comprise a floating-point register file 120 and an integer real register 

file 122. 

20 The committed state registers buffer committed results for the 

25 

architectural registers of the original stream of instructions. For one 

embodiment, the committed state registers of the real register file 44 comprise 

the EAX, EBX, ECX, and EDX registers, etc. and architectural flags of the Intel 

Architecture Microprocessor. 

The real register file 44 receives the physical micro-ops pmop..,.O 

through pmop_3 over the physical micro-op bus 52. The real register file 44 
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reads the committed state registers specified by the physical register sources 

psrcl and psrc2 of the physical micro-ops from the floating-point register file 

120 and the integer real register file 122. The real register file 44 transfers the 

committed result data values from the committed state registers to the 

5 dispatch circuit 38 over the source data bus 58. The real register file 44 also 

transfers a valid flag for each committed result data value to the dispatch 

circuit 38 over the source data bus 58. The valid flags from the committed 

state registers always indicate valid source data values. 

10 Figure 8 illustrates. the dispatch circuit 38 for one embodiment. The 

dispatch circuit 38 implements a dispatch table 84 comprising a set of 

reservation station entries RSO through RSy. Each reservation station entry 

RSO through RSy comprises an entry valid flag, an op code, a pair of source 

data values (SRC1/SRC2 DATA) and corresponding source data valid flags 

15 (V), a pair of physical register sources (PSRC1/PSRC2), and a physical register 

destination (POST). 

The dispatch circuit 38 receives the opcodes opcode_O through 

opocode_3 and physical register destinations pdst_O through pdst_3 for the 

20 physical micro-ops pmop_O through pmop_3 over the physical micro-op bus 

52, and stores the opcodes and physical destinations into the reservation 

station entries RSO through RSy assigned by the allocator circuit 36. The 

dispatch circuit 38 assembles the source data for the physical micro-ops into 

the reservation station entries RSO through RSy, and dispatches the ready 

25 physical micro-ops to the execution circuit 40. A physical micro-op is ready 

when the source data is fully assembled in a reservation station entry. 
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The entry valid flag indicates whether the corresponding reservation 

station entry RSO through RSy holds a physical micro-op awaiting dispatch. 

The op code specifies an operation of the execution unit circuit 40 for 

5 the physical micro-op in the corresponding reservation station entry RSO 

through RSy. 

The SRC1/SRC2 DATA fields of the reservation station entries RSO 

through RSy hold the source data values for the corresponding physical 

10 micro-ops. The corresponding source data valid flags Vindicate whether the 

source data values are valid. 

The physical register destination PDST of each reservation station entry 

RSO through RSy specifies a ROB entry in the reorder buffer 42 to hold the 

15 speculative results for the corresponding physical micro-op. 

The physical register sources PSRC1/PSRC2 of each reservation station 

entry RSO through RSy specify the ROB entries in the reorder buffer 42 that 

are assigned to hold the source data for the corresponding physical micro-op. 

20 The dispatch circuit 38 uses the physical register sources PSRC1/PSRC2 to 

detect write back of pending source data from the execution circuit 40 to the 

reorder buffer 42. 

The dispatch circuit 38 receives the source data values and 

25 corresponding valid flags over the source data bus 58. The dispatch circuit 38 

transfers the source data values and valid flags into the SRC1/SRC2 PATA 
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fields and source data valid flag fields of the newly allocated reservation 

station entries assigned to the physical micro-ops pmop_O through pmop_3. 

If the source data valid flags indicate that one or both of the source data 

5 values for a reservation station table entry is invalid, the dispatch circuit 38 

waits for the execution circuit 40 to execute previously dispatched physical 

micro-ops and generate the required source data values. 

The dispatch circuit 38 monitors the physical register destinations on 

10 the result bus 62 as the execution circuit 40 writes back result data values to 

the reorder buffer 42. If a physical register destination on the result bus 62 

corresponds to the physical register destination of pending source data for a 

reservation station table entry RSO through RSy, then the dispatch circuit 38 

receives the result data value over the result bus 62 and stores the result data 

15 value into the corresponding SRC1/SRC2 DATA fields and source data vaUd 

flags. The dispatch circuit 38 dispatches the pending physical micro-ops to the 

execution circuit 40 if both source data values are valid. 

Figure 9 illustrates execution units in the execution circuit 40 that 

20 execute memory load and memory store micro-ops for one embodiment. The 

execution circuit 40 comprises a load execution circuit 150, a store execution 

circuit 152, and a fault status register 154. 

The load execution circuit 150 receives dispatched load ~emory micro-

25 ops from the dispatch circuit 38 over the micro-op dispatch bus 60. The load 

execution circuit 150 performs the specified load memory operation }?y 

accessing the bus interface circuit 22 over the memory access bus 74, and then 
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transfers results and exception data over the result bus 62. If the load 

execution circuit 150 detects an exception such as a page violation during the 

load memory operation, then corresponding fault information is written to 

the fault status register 154 over a bus 160. The fault information includes the 

5 memory address causing the exception, the physical destination for the micro­

op causing the exception, and a valid bit indicating that the fault status in the 

fault status register 154 is valid. 

The load execution circuit 150 writes fault information into the fault 

10 status register 154 only if the micro-op generating the fault information is 

older than any fault information already stored in the fault status register 154. 

An older micro-op is a micro-op occurring earlier in the instruction stream in 

relation to the micro-op corresponding to any valid fault status in the fault 

status register 154. The load execution circuit 150 determines the relative age 

15 of the faulting micro-op and the valid fault status in the fault status register 

154 by comparing the physical destination of the faulting micro-op to the 

physical destination stored in the fault status register 154. The physical 

destinations reflect the relative age of micro-ops because the ROB entries in 

the reorder buffer 42 are allocated sequentially to incoming physical micro-

20 ops in the sequential program order. 

The store execution circuit 152 receives dispatched store memory 

micro-ops from the dispatch circuit 38 over the micro-op dispatch bus 60. The 

store execution circuit 152 performs the specified store memory operation to 

25 the bus interface circuit 22 over the memory access bus 74, and then signals 

results over the result bus 62. If the store execution circuit 152 detects an 

exception such as a page violation during the store memory operation, then 
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corresponding fault information is written to the fault status register 154 over 

a bus 162. The fault information includes the memory address causing the 

exception, the physical destination of the micro-op causing the exception, and 

the valid bit. The store execution circuit 152 writes fault information into the 

5 fault status register 154 only if the micro-op generating the fault information 

is older than any fault information already stored in the fault status register 

154. 

The microinstruction sequencer 30 reads the fault information from 

10 the fault status register 154 over the control register bus 94. The read of the 

fault information by the microinstruction· sequencer 30 clears the valid bit in 

the fault status register 154. 

Figure 10 illustrates a method for coordinating exceptions in the 

15 processor 12 for one embodiment. The retire control circuit 46 checks for 

exceptions during retirement operations. 

At block 300, the retire control circuit 46 tests the exception data fields 

of the retiring ROB entries on the retirement bus 64. At decision block 310, if 

20 the exception data of a retiring ROB entry specifies a software trap, then 

control proceeds to block 320 to process the software trap. Otherwise, control 

proceeds to decision block 350 to process other exceptions. 

The retire control circuit 46 processes software traps starting at block 

25 320. For one embodiment, software traps include data breakpoints and single 

step traps via a debug register of the processor 12. At block 320, the n:tire 

control circuit 46 retires intervening ROB entries until a ROB entry having an 
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EOM flow marker is detected. The retire control circuit 46 issues valid signals 

over the retire control bus 70 to retire the ROB entry specifying the software 

trap, and to retire the next ROB entry at EOM, as well as any intervening ROB 

entries. 

Thereafter at block 330, the retire control circuit 46 aborts the 

retirement of the next retiring ROB entry in the sequential order. The retire 

control circuit 46 aborts the retirement of the subsequent ROB entries by not 

issuing corresponding valid bi ts over the retire control bus 70. The aborted 

10 ROB entries are not used to update the architectural instruction pointer or 

any other architectural register. Also at block 330, the retire control circuit 46 

issues the restart control signal 90 to halt the incoming instruction stream 

and to clear pending micro-ops and speculative result data from the out-of­

order execution pipeline 220. 

15 

Thereafter at block 340, the retire control circuit 46 transfers an 

exception vector to the microinstruction sequencer (MIS) 30 over the 

exception vector bus 92 that specifies the softWare trap. 

20 At decision block 350, if the exception data of a retiring ROB entry 

specifies a software fault, then control proceeds to block 370 to process the 

software fault. Otherwise, control proceeds to decision block 360 to process 

other exceptions. 

25 The retire control circuit 46 processes software faults starting at block 

370. For one embodiment, software faults include page faults, mem~ry 

protection violations, il1ega1 instructions, and lack of privilege. At block 370, 
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the retire control circuit 46 aborts the retirement of the ROB entry specifying 

the software fault, and aborts the retirement of the subsequent ROB entries by 

not issuing corresponding valid bits over the retire control bus 70. The 

aborted ROB entries are· not used to update the architectural instruction 

S pointer. The retire control circuit 46 issues the restart control signal 90 to halt 

the incoming instruction stream and to clear pending micro-ops and 

speculative result data from the out-of-order execution pipeline 220. 

Thereafter at block 380, the retire control circuit 46 transfers an 

10 exception vector to the microinstruction sequencer 30 over the exception 

vector bus 92 that specifies the software fault. 

At decision block 360, if the retire control circuit 46 detects an 

asynchronous event while retiring a ROB entry, then control proceeds to 

15 block 364 to process the asynchronous event. Otherwise, control proceeds to 

decision block 362 to continue the retirement operation. 

The retire control circuit 46 processes the asynchronous event starting 

at block 364. For one embodiment, asynchronous events include hardware 

20 interrupts, machine checks such as parity errors, system management mode 

interrupts, and non maskable interrupts. At block 364, the retire control 

circuit 46 retires intervening ROB entries until a ROB entry having an EOM 

flow marker is detected. 

25 Thereafter at block 366, the retire control circuit 46 aborts the 

retirement of the next retiring ROB .entry in the sequential order. ~e retire 

control circuit 46 aborts the retirement of the subsequent ROB entries by not 
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issuing corresponding valid bits over the retire control bus 70. The· aborted 

ROB entries are not used to update the architectural instruction pointer. Also 

at block 366, the retire control circuit 46 issues the restart control signal 90 to 

halt the incoming instruction stream and to clear pending micro-ops and 

5 speculative result data from the out-of-order execution pipeline 220. 

Thereafter at block 368, the retire control circuit 46 transfers an exception 

vector to the microinstruction sequencer 30 over the exception vector bus 92 

that specifies the asynchronous event. 

10 In the foregoing specification the invention has been described with 

reference to specific exemplary embodiments thereof. It will, however, be 

evident that various modifications and changes may be made thereto without 

departing from the broader spirit and scope of the invention as set forth in 

the appended claims. The specification and drawings are accordingly to be 

15 regarded as il1ustrative rather than a restrictive sense. 
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1. A method for coordinating exceptions in a processor, comprising the 

5 steps of: 

fetching an instruction stream according to a sequential program order, 

the instruction stream comprising a series of instructions; 

generating a result data value and an exception data value for each 

instruction by executing each instruction according to availability of execution 

10 resources and source data rather than the sequential program order, such that 

each exception data value specifies whether the corresponding instruction 

causes an exception; 

committing the result data values to an architectural state of the 

processor in the sequential program order; 

15 fetching an exception handler to processes the exception if the 

exception is indicated by one of the exception data values. 

2. The method of claim 1, wherein the step of fetching an exception 

handler to process the exception comprises the steps of: 

20 halting the instruction stream; 

aborting the commitment to the architectural state of the result data 

value corresponding to the exception; 

transferring an exception vector to a microinstruction sequencer, such 

that the exception vector specifies the exception handler to process the 

25 exception. 
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3. The method of claim 1, wherein the step of fetching an exception 

handler to process the exception comprises the steps of: 

halting the instruction stream; 

aborting the commitment to the architectural state of the result data 

5 values occurring after the result data value corresponding to the exception in 

the sequential program order; 

10 

15 

transferring an exception vector to a microinstruction sequencer, such 

that the exception vector specifies the exception handler to process the 

exception. 

4. The method of claim 1, further comprising the steps of: 

fetching an asynchronous event handler to processes an asynchronous 

event if the asynchronous event is detected while the result data values are 

committed to the architectural state of the processor; 

aborting the commitment to the architectural state of the result data 

values occurring after the result data value corresponding to the 

asynchronous event in the sequential program order. 

5. The method of claim 1, wherein the step of executing each instruction 

20 according to availability of execution resources and source data rather than 

the sequential program order comprises the steps of: 

generating a set of micro-ops for each instruction such that the micro­

ops specify a function of the corresponding instruction, each micro-op 

comprising a flow marker that indicates a beginning of the corresponding 

25 instruction or an end of the corresponding instruction; 

allocating a reorder buffer entry to each micro-op according to the 

sequential program order; 
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executing each micro-op according to availability of execution resources 

in the processor, and storing the result data value and the exception data 

value for each micro-op into the corresponding reorder buffer entry. 

5 6. The method of claim 5, wherein the step of committing the result data 

10 

values to an architectural state of the processor in the sequential program 

order comprises the steps of reading the reorder buffer entries in the 

sequential program order and transferring the result data values to a 

corresponding committed architectural state register. 

7. The method of claim 6, wherein the exception is a software fault and 

wherein the step of fetching an exception handler to process the exception 

comprises the steps of: 

halting the instruction stream; 

15 aborting the commitment to the architectural state of the result data 

20 

value corresponding to the micro-op causing the exceptionj 

transferring an exception vector to a microinstruction sequencer, such 

that the exception vector specifies the exception handler to process the 
.. 

exception. 

B. The method of claim 6, wherein the exception is a software trap and 

wherein the step of fetching an exception handler to process the exception 

comprises the steps of: 

haJting the instruction stream; 

25 aborting the commitment to the architectural state of the result data 

value corresponding to the micro-op having the flow marker that in~:Hcates 

the end of the corresponding instruction that caused the exception; 



11111111111111 11111 1111111 1111 
* C L M S * 

- 41 -

transferring an exception vector to a microinstruction sequencer, such 

that the exception vector specifies the exception handler to process the 

exception. 

5 9. An apparatus for coordinating exceptions in a processor, comprising: 

means for fetching an instruction stream according to a sequential 

program order, the instruction stream comprising a series of instructions; 

means for generating a result data value and an exception data value 

for each instruction by executing each instruction according to availability of 

10 execution resources and source data rather than the sequential program order, 

such that each exception data value specifies whether the corresponding 

instruction causes an exception; 

means for committing the result data values to an architectural state of 

the processor in the sequential program order; 

15 means for fetching an exception handler to processes the exception if 

the exception is indicated by one of the exception data values. 

10. The apparatus of claim 9, wherein the means for fetching an exception 

handler to process the exception comprises: 

20 means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

result data value corresponding to the exception; 

means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

25 process the exception. 
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11. The apparatus of claim 9, wherein the means for fetching an exception 

handler to process the exception comprises: 

means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

5 result data values occurring after the result data value corresponding to the 

exception in the sequential program order; 

10 

means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

12. The apparatus of claim 9, further comprising: 

means for fetching an asynchronous event handler to processes an 

asynchronous event if the asynchronous event is detected while the result 

data values are committed to the architectural state of the processor; 

15 means for aborting the commitment to the architectural state of the 

result data values occurring after the result data value corresponding to the 

asynchronous event in the sequential program order. 

13. The apparatus of claim 9, wherein the means for executing each 

20 instruction according to availability of execution resources and source data 

rather than the sequential program order comprises: 

means for generating a set of micro-ops for each instruction such that 

the micro-ops specify a function of the corresponding instruction, each micro­

op comprising a flow marker that indicates a beginning of the corresponding 

25 instruction or an end of the corresponding instruction; 

means for allocating a reorder buffer entry to each micro-op a~cording 

to the sequential program order; 
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means for executing each micro-op according to availability of 

execution resources in the processor, and storing the result data value and the 

exception data value for each micro-op into the corresponding reorder buffer 

entry. 

14. The apparatus of claim 13, wherein the means for committing the 

result data values to an architectural state of the processor in the sequential 

program order comprises means for reading the reorder buffer entries in the 

sequential program order and transferring the result data values to a 

10 corresponding committed architectural state register. 

15. The apparatus of claim 14, wherein the exception is a software fauJt and 

wherein the means for fetching an exception handler to process the exception 

comprises: 

15 means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

result data value corresponding to the micro-op causing the exception; 

means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

20 process the exception. 

16. The apparatus of claim 14, wherein the exception is a software trap and 

wherein the means for fetching an exception handler to process the exception 

comprises: 

25 means for halting the instruction stream; 
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means for aborting the commitment to the architectural state of the 

result data value corresponding to the micro-op having the flow marker that 

indicates the end of the corresponding instruction that caused the exception; 

means for transferring an exception vector to a microinstruction 

5 sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

17. A processor, comprising: 

front end pipeline coupled for communication over a host bus, the 

10 front end pipeline reading an instruction stream over the host bus according 

to a sequential program order, the instruction stream comprising a series of 

instructions; 

execution circuit receiving the instruction stream from the front end 

pipeline, the execution circuit generating a result data value and an exception 

15 data value for each instruction by executing each instruction according to 

availability of execution resources and source data rather than the sequential 

program order, such that each exception data value specifies whether the 

corresponding instruction causes an exception; 

reorder buffer receiving the result data values and the exception do:ta 

20 values from the execution circuit, the reorder buffer buffering each result data 

values in a speculative state; 

retire control circuit reading the result data values and the exception 

data values from the reorder buffer committing each result data value to an 

architectural state of the processor in the sequential program order, the retire 

25 control circuit causing the front end pipeline to fetch an exception handler to 

processes the exception if the exception is indicated by one of the exception 

data values. 
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18. The processor of claim 17, wherein the retire control circuit halts the 

instruction stream and aborts the commitment to the architectural state of the 

result data value corresponding to the exception and transfers an exception 

5 vector to a microinstruction sequencer if the exception is indicated by one of 

the exception data values, such that the exception vector specifies the 

exception handler to process the exception and causes the microinstruction 

sequencer to issue a series of exception handler instructions to the execution 

10 

circuit. 

19. The processor of claim 17, wherein the retire control circuit halts the 

instruction stream and aborts the commitment to the architectural state of the 

result data values -occurring after the result data value corresponding to the 

exception in the sequential program order and transfers an exception vector 

15 to a microinstruction sequencer if the exception is indicated by one of the 

exception data values, such that the exception vector specifies the exception 

handler to process the exception and causes the microinstruction sequencer to 

issue a series of exception handler instructions to the execution circuit. 

20 20. The processor of claim 17, wherein the retire control circuit tests for an 

asynchronous event, such that the retire control circuit fetches an 

asynchronous event handler to processes the asynchronous event and aborts 

the commitment to the architectural state of the result data values occurring 

after the result data value corresponding to the asynchronous event in the 

25 sequential program order if the asynchronous event is detected. 
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21. The processor of claim 17, wherein the front end pipeline generates a 

set of micro-ops for each instruction such that the micro-ops specify a 

function ·of the corresponding instruction, each micro-op comprising a flow 

marker that indicates a beginning of the corresponding instruction or an end 

5 of the corresponding instruction, and wherein the front end pipeline allocates 

an entry in the reorder buffer to each micro-op according to the sequential 

program order, such that the execution circuit executes each micro-op, and 

stores the result data value and the exception data value for each micro-op 

into the corresponding entry in the reorder buffer. 

10 

15 

22. The processor of claim 21, wherein the retire control circuit reads the 

entries from the reorder buffer in the sequential program order and transfers 

each result data value to a corresponding committed architectural state 

register. 

23. The processor of claim 22, wherein the exception is a software fault and 

wherein the retire control circuit halts the instruction stream and aborts the 

commitment to the architectural state of the result data value corresponding 

to the micro-op causing the exception and transfers an exception vector to a 

20 microinstruction sequencer, such that the exception vector specifies the 

exception handler to process the exception and causes the microinstruction 

sequencer to issue a series of exception handler instructions to the execution 

circuit. 

25 24. The processor of claim 22, wherein the exception is a software trap and 

wherein the retire control circuit halts the instruction stream and aborts the 

commitment to the architectural state of the result data value corresponding 
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to the micro-op having the flow marker that indicates the end of the 

corresponding instruction that caused the exception and transfers an 

exception vector to a microinstruction sequencer, such that the exception 

vector specifies the exception handler to process the exception and causes the 

5 microinstruction sequencer to issue a series of exception handler instructions 

to the execution circuit. 

25. The processor of claim 17, wherein the execution circuit comprises a 

memory execution circuit that executes load and store instructions, the 

10 memory execution circuit generating a fault status if an execution of a load or 

a store instruction causes a memory exception, the memory execution circuit 

storing the fault status corresponding to an oldest load or store instruction in 

the sequential program order, such that the fault status provides fault 

information for the exception handler. 

15 

26. A computer system, comprising: 

memory subsystem coupled for communication to a host bus, the 

memory subsystem storing a set of instructions; 

processor reading the instructions over the host bus according to a 

20 sequential program order, the processor generating a result data value and an 

exception data value for each instruction by executing each instruction 

according to availability of execution resources and source data rather than 

the sequential program order, such that each exception data value specifies 

whether the corresponding instruction causes an exception, the processor 

25 committing each result data value to an architectural state of the processor in 

the sequential program order, and executing an exception handler to 
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processes the exception if the exception is indicated by one of the exception 

data values. 

27. The computer system of claim 26, wherein the processor, comprises: 

front end pipeline coupled for communication over the host bus, the 

front end pipeline reading the instructions over the host bus according to the 

sequential program order; 

execution circuit receiving the instructions from the front end 

pipeline, the execution circuit generating the result data value and the 

10 exception data value for each instruction by executing each instruction 

according to availability of execution resources and source data rather than 

the sequential program order; 

reorder buffer receiving the result data values and the exception data 

values from the execution circuit, the reorder buffer buffering each result data 

15 values in a speculative state; 

retire control circuit reading the result" data values and the exception 

data values from the reorder buffer committing each result data value to an 

architectural state of the processor in the sequential program order, the retire 

control circuit causing the front end pipeline to fetch the exception handler to 

20 processes the exception if the exception is indicated by one of the exception 

data values. 

28. The computer system of claim 27, wherein the retire control circuit 

halts the instruction stream and aborts the commitment to the architectural 

25 state of the result data value corresponding to the exception and transfers an 

exception vector to a microinstruction sequencer if the exception is i~dicated 

by one of the exception data values, such that the exception vector specifies 
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the exception handler to process the exception and causes the 

microinstruction sequencer to issue a series of exception handler instructions 

to the execution circuit. 

5 29. The computer system of claim 27, wherein the retire control circuit 

halts the instruction stream and aborts the commitment to the architectural 

state of the result data values occurring after the result data value 

corresponding to the exception in the sequential program order and transfers 

an exception vector to a microinstruction sequencer if the exception is 

10 indicated by one of the exception data values, such that the exception vector 

specifies the exception handler to process the exception and causes the 

microinstruction sequencer to issue a series of exception handler instructions 

to the execution circuit. 

15 30. The computer system of claim 27, wherein the retire control circuit 

tests for an asynchronous event, such that the retire control circuit fetches an 

asynchronous event handler to processes the asynchronous event and aborts 

the commitment to the architectural state of the result data values occurring 

after the result data value corresponding to the asynchronous event in the 

20 sequential program order if the asynchronous event is detected. 

31. The computer system of claim 27, wherein the front end pipeline 

generates a set of micro-ops for each instruction such that the micro-ops 

specify a function of the corresponding instruction, each micro-op comprising 

25 a flow marker that indicates a beginning of the corresponding instruction or 

an end of the corresponding instruction, and wherein the front end pipeline 

allocates an entry in the reorder buffer to each micro-op according to the 
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sequential program order, such that the execution circuit executes each micro­

op, and stores the result data value and the exception data value for each 

micro-op into the corresponding entry in the reorder buffer. 

5 32. The computer system of claim 31, wherein the retire control circuit 

reads the entries from the reorder buffer in the sequential program order and 

transfers each result data value to a corresponding committed architectural 

state register. 

10 33. The computer system of claim 32, wherein the exception is a software 

fault and wherein the 'retire control circuit halts the instruction stream and 

aborts the commitment to the architectural state of the result data value 

corresponding to the micro-op causing the exception and transfers an 

exception vector to a microinstruction sequencer, such that the exception 

15 vector specifies the exception handler to process the exception and causes the 

microinstruction sequencer to issue a series of exception handler instructions 

to the execution circuit. 

34. The computer system of claim 32, wherein the exception is a software 

20 trap and wherein the retire control circuit halts the instruction stream and 

aborts the commitment to the architectural state of the result data value 

corresponding to the micro-op having the flow marker that indicates the end 

of the corresponding instruction that caused the exception and transfers an 

exception vector to a microinstruction sequencer, such that the exception 

25 vector specifies the exception handler to process the exception and causes t..he 

microinstruction sequencer to issue a series of exception handler instructions 

to the execution circuit. 
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35. A computer system, comprising: 

memory subsystem coupled for communication to a host bus, the 

memory subsystem storing a set of instructions; 

5 means for fetching the instructions over the host bus according to a 

sequential program order; 

means for generating a result data value and an exception data value 

for each instruction by executing each instruction according to availability of 

execution resources and source data rather than the sequential program order, 

10 such that each exception data value specifies whether the corresponding 

instruction causes an exception; 

means for committing the result data values to an architectural state of 

a processor in the sequential program order; 

means for fetching an exception handler to processes the exception if 

15 the exception is indicated by one of the exception data values. 

36. The computer system of claim 35, wherein the means for fetching an 

exception handler to process the exception comprises: 

means for halting the instruction stream; 

20 means for aborting the commitment to the architectural state of the 

25 

result data value corresponding to the exception; 

means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

37. The computer system of claim 35, wherein the means for fetcl~.ing an 

exception handler to process the exception comprises: 
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means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

result data values occurring after the result data value corresponding to the 

exception in the sequential program order; 

S means for transferring an exception vector to a microinstruction 

10 

sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

38. The computer system of claim 35, further comprising: 

means for fetching an asynchronous event handler to processes an 

asynchronous event if the asynchronous event is detected while the result 

data values are committed to the architectural state of the processor; 

means for aborting the commitment to the architectural state of the 

result data values occurring after the result data value corresponding to the 

15 asynchronous event in the sequential program order. 

39. The computer system of claim 35, wherein the means for executing 

each instruction according to availability of execution resources and source 

data rather than the sequential program order comprises: 

20 means for generating a set of micro-ops for each instruction such that 

the micro~ops specify a function of the corresponding instruction, each micro­

op comprising a flow marker that indicates a beginning of the corresponding 

instruction or an end of the corresponding instruction; 

means for allocating a reorder buffer entry to each micro-op according 

25 to the sequential program order; 

means for executing each micro-op according to availability of 

execution resources in the processor, and storing the result data value and the 
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exception data value for each micro-op into the corresponding reorder buffer 

entry. 

40. The computer system of claim 39, wherein the means for committing 

5 the result data values to an architectural state of the processor in the 

sequential program order comprises means for reading the reorder buffer 

entries in the sequential program order and transferring the result data 

values to a corresponding committed architectural state register. 

10 41. The computer system of claim 40, wherein the exception is a software 

fault and wherein the means for fetching .an exception handler to process the 

exception comprises: 

means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

15 result data value corresponding to the micro-op causing the exception; 

means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

20 42. The computer system of claim 40, wherein the exception is a software 

trap and wherein the means for fetching an exception handler to process the 

exception comprises: 

means for halting the instruction stream; 

means for aborting the commitment to the architectural state of the 

25 result data value corresponding to the micro-op having the flow marker that 

indicates the end of the corresponding instruction that caused the ex~eption; 
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means for transferring an exception vector to a microinstruction 

sequencer, such that the exception vector specifies the exception handler to 

process the exception. 

43. A method for coordinating exceptions in a processor, 

substantially as hereinbefore described with reference to the 

accompanying drawings. 


