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· SUPERSCALAR MICROPROCESSOR INSTRUCTION PIPELINE 

INCLUDING INSTRUCTION DISPATCHING AND KILL CONTROL 

Technical Field 

The present invention relates generally to pipelined superscalar 

microprocessors. More particularly, the present invention relates to instruction 

dispatching in a pipelined superscalar microprocessor in normal operatfon, and 

after exception processing. 

Background Art 

Microprocessors have a limited amount of on-chip resources to perform 

addressing, execution and control operations. There is a trad~-off between a 

cost associated with the microprocessor (both in dollars and in execution speed), 

and t4e amount of resources. At some point, a designer of a microprocessor. 

establishes a particular resource set. Thereafter, those resources must be used as 

efficiently as possible to maximize performance. 

For example, for scalar processors, one significant resource limitation was the 

ava~lability on the chip of only to be retrieved from a memory and presented to 

the ALU. The ALU operated on the data and provided an output~ Afterwards, it 

would.be ready to perform another calculation, after other operands were 

retrieved from memory. 

It was soon realized that because the ALU was a critical component, it should 

·not sit idle. A structure identified as a pipeline was added before the ALU to 

improve performance. The pipeline improved performance because it allowed 

the ALU to process operands as fast as it was able, there was no waiting for its 

operands .. 

Problems developed with pipeline~ structures when conditions arose that 
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caused the ·pipeline to contain incorrect data. One example of this type of 

condition occurs from a conditional branch condition .. As the pipeline could 

include data corresponding to only one of the possibilities of th~ branch 

condition, there were times that the data would be incorrect. The. term exception, 

or trap, developed to identify the requirement of exceptional processing required 

by the system. 

Solutions developed for dealing with the exceptions. The cycle wherein each 

new solution produced a new problem continues. It is a goal to attempt to 
. . . 

maximize performance, continually developing new and improved systems. 

A superscalar microprocessor has the same type of problems, only those 

problems are far greater and far more complex. The superscalar microprocessor 

has multiple functional units that can execute instructions and perform other 

tasks at the same time as other functional units. For example, where the scalar 

processor has a pipeline that includes one instruction per pipeline stage, the 

superscalar microprocessor has a pipeline that can have multiple instructions per 
' 

stage. 

Supercomputers often employ a superscalar architecture. Performance 

versus cost tradeoffs are important issues. It becomes very important to extract 

maximum computing power from the resources provided in the microprocessor. 

Issues relating to extraction of maximum performance include fast, efficient 

pipelines that.process exceptions quickly. Routing instructions to appropriate 

functional units as rapidly as pos.sible requires fast analysis of busy resources .. 

DisclOslire of Invention 

The present invention provides apparatus and method for providing a fast 

and efficient pipeline in a superscalar microprocessor having a multiple 

implementation. The pipeline of the present invention quickly matches 

instructions to be dispatched in a pipeline with available resources. Exceptions 

occurring in the pipeline are processed effic;iently, all in the same pipeline stage, 
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in a uniform manner. 

According to· one aspect of the invention, it includes a five-stage, superscalar 

integer pipeline that fetches, decodes, addresses, executes and writes data into a 

• register file. A predecoder preprocesses instructions during the fetch stage to 

improve resource contention resolution and instruction dispatching by 

appending a code to each instruction including a unique categorization code. 

During the decoding stage, integer instructions are routed in program 

sequence order to functional units according to a resource scoreboard and other 

resource-related conditions. During the address and execution stage; floating 

point instructions are reformatted and r~tated into a source code order to be 

issued, four instructions at a time at write stage, into a first-in, frrst-out (FIFO) 

queue for the floating point unit. 

According to another aspect of the invention, exception processing for 

instruction execution errors, cache misses of many types, and branch 

misprediction errors all are resolved during the execution stage. In the 

superscalar pipeline, instruction priority bits permit instructions having a higher 

priority than exception-causing successfully complete, while exception 

instructions and lower priority instructions, and their effects, are canceled. 

Reference to the remaining portions of the specification, including the 

drawing and claims will realize other features and advantages of the present 

invention. 

Brief Description of Drawings 

Fig. 1 is a block diagram of a superscalar microprocessing unit 10 having an 

integer unit 12 and a floating point unit 14; 

Fig. 2 is a block diagram illustrating a set of functional instruction flow paths 

(pipelines) in SMU IO; 

Fig. 3 is a block diagram illustrating a five stage integer pipeline 250 portion 

of the pipeline structure ofSMU 10,.as well as a description of functions 
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performed at the individual stages; 

Fig. 4 is a block diagram illustrating a decoupling of a floating-point pipeline 

300 portion of the pipeline structure ofSMU IO from integer pipeline 250; 

Fig. 5 is a flowchart illustrating a combined pipeline 350 including integer 

pipeline 250, external cache pipeline 302, and floating point pipeline 300; 

Fig. 6 is a detailed block diagram of dispatch unit 202 shown in Fig. 2; 

Fig. 7 is a representation of a template for a reformatted instruction 450 after 

predecoding; 

Fig. 8 is a· block diagr~ of datapath flow through integer dispa~ch unit 402 

illustr~ted in Fig. 6; 

Fig. 9 is a schematic representation illustrating use of a register scoreboard 

480 to establish and resolve resource contention; 

Fig. I 0 is a simplified block diagr~ of a fetch and dispatch system 500 

according to the preferred embod~ent; . 

Fig. 11 is an illustration of operation of an instruction queue such as that 

shown in Fig. 10 taken over four cycles; 

Fig. 12 is a representation of a template for a refonnatted floating point 

operatfon instruction 550 and a template for a reformatted floating point 

memory operation 552 after reformattirig; 

Fig. 13 is a schematic diagram illustrating dispatching in SMU 10 to perform 

a floating point load operation; and . 

Fig. 14 is a schematic diagram illustrating dispatching in SMU 10 to perform 

a floating point store operation.· 

Best Mode for Carrying Out the Invention 

Next, the present invention will be described with reference to the drawings 

in the following order. 

Contents: 



I. Introduction 

Il. Pipeline Structure 

III. Dispatching 

IV. Pipeline Refill and Exception Processing 

V. Conclusion 

I. Introduction 

Fig. 1 is a block diagram of a superscalar microprocessing unit 10 having an 

integer unit 12 and a floating point unit 14. In the preferred embodiment, 

integer ilnit 12 and floating point unit 14 cooperatively interact to produce a 

single microprocessor, though their :functions are_physically divided between two 

discrete integrated circuit devices. Microprocessing unit 10 includes a global 

~xtemal cache (GS) 16 accessed via a tag memory unit 18. External cache 16 is 

-global because it is available to both integer unit 12 and floating point unit 14. 

Integer unit 12 includes a nwnber of functional units. These units include an 

integer operation execution unit 50 coupled to an integer register file 52. 

Execution operation unit 50 includes two integer arithmetic logic units (IALUs), 
a shifter and a multiply-add unit. Execution unit 50 operates on data received 

from register file 52 and writes results back. 

h;tteger unit 12 loads integer data from an on-board data cache (OS) 54 into 

register file 52 and stores data from register file 52 back to DS 54 and to an 

external cache memory through floating point unit 14. An address generator 56 
provides virtual addresses to DS 54 and will also use data from register file 52 to 

generate· addresses. 

Data stored in OS 54 only represenis a portion of the total available memory. 

There are times when data needed by integer unit 12 is unavailable in DS 54. In . 

those instances, integer unit 12 accesses external cache 16 to bring desired data 

· into DS 54. To access external cache 16, integer unit 12 converts. virtual 

addresses provided from address generator 56 to physical addresses using a 
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translation. look-aside buffer (TLB) 58. TLB 58 provides both external cache 16 

. and tag memory unit 18 with a physical address. Thereafter, external cache 16 

fills DS 54 with the desired data. 

Integer unit 12 uses instructions to control data flow and operations. Integer 

unit 12 includes an instruction cache (IS) 70, a branch prediction cache (BS) 72, 

an instruction buffer 74, a dispatching unit 80 and a floating point instruction 

queue (FPQ) 80 to obtain and route instructions to appropriate resol!rces, in an 

. appropriate order, of superscalar processing unit 10. 

IS 70 stores and issues instructions. Some instructions are branch 

instruC?tions that can produce a discontinuity in program flow. BS 72, coupled 

to IS 70, stores pointers to branch targets for each branch instruction in IS 70. 

Instruction buffer 74, coupled to an output of IS 70, loads instructions from IS 

70 in a desired order. 

Dispatching unit 80 reads instructions from instruction buffer 74, checks 

them, verifies that needed hardware resorirces are available, and issues the 

instructions to appropriate functional units of the inieroprocessing unit IO. 

. Dispatching unit 80 routes instructions destined for floating point unit 14 to 

floating point queue 82. Dispatching unit 80 issues integer operations to 

execution unit 50 and issues memory instructions to address generator 56. 

Floating point unit 14 includes floating point execution unit (FPXU) I 00, 

floating point register file (FREG) I 02, a floating point load queue (LDQ) 104, 

and· a store queue 106. FPXU 100 includes two floating point execution units 

that operate on data read from FREG I 02. FPXU writes results back to FREG 

102. 

FPU 14 does not include any address control structures, so integer unit 12 

accesses necessary data from external cache 16 and loads them into LDQ 104 . 

. Thereafter, a load instruction to FPU 14 reads appropriate data from LDQ 104 

and writes it into FREG 102. Similarly, stores from FREG 102 to external cache 

16 go through STQ 106. A store instruction in FPU 14 causes it to transfer data 
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into STQ 106. Thereafter, integer unit 12 controls the stores of the data into 

external cache 16. 

The superscalar nature of the SMU 10 contributes to ·the complexity of the 

implementation described previously. As there are a number of execution units 

and address generation units available for concurrent operation, the preferred 

embodiment implements SMU 10 with a multi-pathway pipelined architecture. 

For example, instruction buffer 74 retrieves four instructions per cycle from 

IS 70. Dispatch unit 80 routes up to two memory instructions to address 

generation uriits 56, up to two integer operation instructions to execution unit 

50, and up to four floating point instructions to FPQ 82, each and every cycle. 

The preferred embodiment implements its pipeline in a continuous operation 

. mode. In other words, the pipeline never stops, but continues to advance 

instructions from one stage of a pipeline to another. Details regarding 

dispatching and pipeline control and refill are discussed below. 

· II. Pipeline Structure . 

Fig. 2 is a block diagram illustrating a set of functional instruction flow paths 

(pipelines) in SMU 10. Items similarly numbered to those ofFig. 1 represent the 

same component. After initialization of a system employing SMU 10, integer 

unit 12 loads a set of appropriate instructions from external cache 16 into IS 70 

using a data bus 200. Each instruction is thirty-two bits wide. Integer unit 12 

· loads four instructions at one time into IS 70, therefore data bus 200 is 12.8 bits 

wide. 

A dispatch unit 202 includes some predecoding functionality, instruction 

buffer 74, dispatch unit 80, some floating point formatting functionality, and 

FPQ 82, all shown in Fig. 1.· Dispatch unit 202 receives four instructions at one 

time over a data bus 204, adds eighteen bits to each instruction to facilitate 

routing, enqueues instructions, and routes from zero to four instructions per 

·cycle. The addition of the extra bits_ is part of the predecoding operation. 

The instruction dispatching operat~on always dispatches instructions in order. 
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That is, should dispatch unit 202 be unable to dispatch any particular 

instruction because of some reason (those reasons will be further explained 

below), then instructions later in the instruction ·stream cannot be dispatched 

until all earlier instructions have been dispatched. 

Dispatch unit 202 has a number of pipelines it can route instructions to. 

These pipelines include a memory pipeline 210, an integer pipeline 212, and a 

floating point pipeline 214. Memory pipeline 210 and integer pipeline 212 each 

include two independent pipelines, whiJe floating point pipeline 214 is four 

. . instructions wide, including space for two floatirig point operations and two 

floating point memory operations. 

Dispatch unit 202 routes memory instructions to address generator 56 via 

memory pipeline 210, routes integer operations to execution unit 50, and routes 

floating point fustructiOns to FPU 14. Note, dispat~h unit 202 routes some 

floating memory instructions to both memory _pipeline 210 for address 

generation, and to floating point pipeline 214. Dispatched unit 202 routes some 

floating point instructions, such as floating point compare and a conditional . . 
move, to both integer pipeline 212 for execution, and to floating point pipeline 214. 

In addition to the components described with respect to Fig~ 1, Fig. 2 

includes an integer store pipeline 220 coupling an output of DS 54 to dispatch 

202,,. and an address queue 224 coupled between tag memory unit 18 and 
. extemal cache 16. Integer store pipeline 222 permits integer unit 12 to update 

external cache 16 after it does an· store operation into DS 54. lntegerunit.12 

packages an integer store instruction and its associated data together in dispatch 

unit 202. After packaging, integer unit 12 dispatches the instruction and data to 

floating point pipeline 214 in order for FPU 14 to store the data to external 
cache 16. 

Appropriate addresses to store data from STQ 106 are available from integer 

unit 12 via address queue 224. It is part of the function of dispatch unit 202 to 

match instructions being sent to FPU 14 with appropriate data in LDQ l 04 and 
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address queue 224. 

Fig. 3 is a block diagram illustrating a five stage integer pipeline 250 portion 

of~he pipeline structure of SMU 10, as well as a description of functions 

performed at the individual stages. Advantages of integer pipeline 250 include 

that it has a low-latency between a fetch of an instruction and its execution, no 

load delay slot, same cycle data forwarding for dependent load after store, and 

the characteristics that a branch an.d a delay slot are able to execute together in 

the same cycle. In the preferred embodiment, SMU 10 provides a processor for 

use in a reduced instruction set computer (RISC). This RISC architecture affects 

many of the design and implementation described herein. 

The following description of Fig. 3 references components illustrated in Fig. 

1 and Fig. 2. Integer pipeline 250 includes a fetch stage 252, a decode stage 

254, an addressing stage 256, an execute stage 258 and a writeback stage 260. 

Integer pipeline 250 includes both memory pipeline 210 and integer instruction 

pipeline 212 .. 

Fetc_h stage 252 has integer unit 12 fetch instructions into IS 70 from external 

cache 16 via data. bus 200. As mentioned earlier, dispatch unit 202 includes 

s~me predecoding functionality. This predecoder gets four thirty-two bit 

instructions from IS and appends eighteen bits to each instruction to facilitate 

dispatching. The predecoder_then places the predecoded instructions into 

instruction buffer 74. Fetch stage 252 also performs some branch prediction. 

Branch prediction occurs in fetch stage 252 with one branch prediction per 

quadword. 

Decode stage 254 accesses instructions from instruction buffer 7 4 and 

decodes them to determine the type of instructions they are. Since SMU 10 can 

process up to forir instructions per cycle, it is important to defme a mechanism 

to identify relative order among instructions in each cycle. At the decode stage, 

dispatch unit 202 scoreboards these instructions to match available resources to 

requirements of the instructions. Dispatch unit 202 dispatches only those 



instructions whose resources are available. In the decode stage, register file 52 
is accessed by memory instructions to retrieve an address register specifier. 

Decode stage 254 determines relative priority among instructions by reading 
the program counter pointing to the next instruction to be executed~ Upon 
dispatch~ng an instruction, dispatch unit 202 associates the instructions relative 
priority with a control word dispatched with each instruction. 

It is an advantage of the present invention that instruction realignment to . 
source code order in the instruction buffer is not necessary when dispatching 
less than a quadword from the instruction buffer. 

Addressing stage 256 uses address generator 56 to generate load addresses 
and store addresses. 

Execute stage 258 includes a large number of activities. Execution unit 50 
completes all integer arithmetiC logic unit (IALU) operations in except multiplies 
and divides (which take many cycles) multiply and div, and all shift, operations 
in this one cycle multiply and divide operations are committed during the 
execute stage. Execution unit 50 loads data from DS 54 into register file 52 
during execute stage 258. Additionally, integer unit 12 resolves branches, 
performs TLB _lookups, and detects exceptions, all during execute stage 258. 

Writeback stage 260 follows execute stage 258 and concludes i)J.teger 
pipeline 250's portion of the pipelines of SMU I 0. Successful completion of an 
instruction during execute stage 258 results in that instruction performing any 
necessary write into register file 52. Operations and results of exception 
detection in execute stage 258 qualify condition:s when this write into register 
file 52 can occur. A write into register file 52 is irreversible. Therefore, integer 
unit 12 allows writes only if an instruction executed properly and no instruction 
with a higher priority (that is, an instruction that precedes it in the instruction 
stream) generated any type of exception that was detected during execute stage 
258. A more detailed description of exception processing and resolution is 
provided below. 
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Fig. 4 is a block diagram illustrating a decoupling Qf a floating-point pipeline 
300 portion of the pipeline structure ofSMU 10 froni integer pipeline 250. The 
description of Fig. 4 is made with respect to components illustrated in Fig. 2. As 
described earlier, integer unit 12 provides addressing control information to 
external cache 16 to access data for floating point unit 14. This means that 
floating point load and store instructions pass through integer pipeline 250, 
specifically memory pipeline 210, to TLB 58 to produce a physical address in 
external cache 16 of the needed data. Datapaths from TLB 58 tQ external cache 
16, and then from external cache 16 to LDQ 104 form an external cache pipeline 
302 shown in Fig. 4. External cache pipeline 302 operates in five cycles. In the 
preferred embodiment, to improve brandwidth, external cache 16 is interleaved. 
Even addresses are located in a frrst bank, identified as I 6a, while odd addresses 
are located in a second bank 16b. Tag memory 18 is similarly divided into an 
even tag memory l 8a and an odd memory tag l 8b. 

External cache pipeline 302 produces data for FPU 14 by loading the data 
into LDQ 104. Due to the interleaving of external cache 16, LDQ I 04 is divided 
into an even LDQ (LDQE) 104a and an odd LDQ (LDQO) I 04b. Integer unit 
12 includes an address bellows 304 whose oper~tion is explained in a related 
patent application entitled CONFLICT RESOLUTION IN lNTERLEA VED 
:tvIBMORY SYSTEM WITH MULTIPLE PARALLEL ACCESSES filed December 
15, 1993. The address bellows 304 improved performance ofinterleavd external 
cache 302 when two instructions arrive from integer pipeline 250 that need to 
proceed down the same side of the pipeline. Address bellows 304 can hold one 
of the instructions, allow the higher priority one to proceed, and issue the held 
instruction the next cycle. 

Integer pipeline 250 does not dispatch instructions into FPQ 82 until all 
higher order instructions execute and any exception or dependencies are 
resolved. Once an instruction is sent into FPQ 82, those instructions are 
committed. Therefore, instructions are not enqueued into FPQ 82 until 
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writeback stage 260. 

SMU 10 uses a split-level cache structure as described in the incorporated 
patent application entitled SPLIT LEVEL CACHE filed December 15, 1993. 
The use of five-stage external cache 302 presented a problem for floating point 
instructions: straightforward implementations could prevent dispatching of any 
floating point instruction for five cycles (or up to twenty instructions) following 
a flmtting point load. 

Decoupling FPU 14 from integer pipeline 250 hides the five cycle latency of 
external cache pipeline 302. FPQ 82 is implemented as a frrst-in, frrst-out 
(FIFO) queue. Therefore, a floating point instruction that uses a result of a . 
floating point load instruction can immediately follow the floating point load 
instruction in FPQ 82. Dispatch unit 202 thus ignores the latency of external 
cache 302. Thereafter, integer pipeline 250 is immediately free to continue on to 
other instructions. The load instruction proceeds through memory pipeline 210 
to external cache pipeline 302 and deposits the load data into LDQ I 04 after five 
cycles. Until the load data is available in LDQ I 04, the floating point load 
instruction waits in FPQ 82 and issues to FPU 14 when it is ready. The 
compute instruction waits behind the floating point instruction in FPQ 82 until 
ihe load data is loaded into FREG file 102. 

·The decoupling of the FPU 14 can result in out of order e~ecution of floating 
point instructions with respec~ to integer instructions. The latency of external 
cache pipeline 304 is hidden from integer pipeline 250 by not requiring in order 
.execution of floating point instructions and integer instructions. 

Fig. 5 is a flowchart illustrating a combined pipeline 350 including integer 
pipeline 250, exte~al cache pipeline 302, and floating point pipeline 300. 
Combined pipeline 350 identifies integer pipeline 250 stages by the F, D, A, E, 
& W cycle designations, corresponding to the fetch, decode, addressing, execute 
and writeback stages. Combined.pipeline 350 includes an S stage that 
represents an extra cycle to issue floating point instructions from FPQ 82 . 

. · ;:·: ... · .. 

":12 



Floating point dispatch occurs at S-stage, ba8ed on resource conflicts and 

register dependencies. 

Stages designated G, H, I, J, & K, are part of external cache pipeline 302. 

Combined pipeline 350 includes an L stage that represents a cycle to write load 

data into LDQ 104. 

Stages designated T, R, X, Y, Z, U, and V define floating point pipeline 300. 

T stage is a T-bus·transit stage to allow time for instructions to pass from the 

integrated circuit package including integer unit 12 to the integrated circuit 

package including FPU 14. A full cycle is allowed for chip crossings throughout 

SMU I 0, such as for transits to tag memory 18 and to external cache 16 from 

integer unit 12. 

R stage reads FREG 102 as needed. FPU 14 has four execution stages, X 

stage, Y stage, Z stage, and U stage. These stages together perfonn floating 

point operations. Some complex operations require several passes through the 

execute stages X-Y while a result is iteratively detennined. Finally, V stage 

writes to FREG file 102 to complete floating point pipeline 300. As described 

above, floating point pipeline 300 includes resources to concurrently operate on 

two floating point instructions and two flo~ting point memory instructions per 

cycle. 

III. Dispatching 

Fig. 6 is a detailed block diagram of dispatch unit 202 shown in Fig. 2. 

Dispatch unit 202 includes a predecoder 400, instruction buffer 74, an integer 

dispatch unit 402, a ·floating point instruction fonnatting unit 404, a floating 

point dispatch unit 406, and FPQ 82. Integer dispatch unit 402, floating point 

pre-packaging unit 404, and floating point dispatch unit 406 together make up 

dispatch unit 80 shoW11 in Fig. 1. 

As described earlier, during fetch stage 252, predecoder 400 reads four 

instructions at a time from IS 70. Predecoder 400 _examines each instruction 

read from IS 70 for general· resource requirements and refonnats them to a 
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convenient format for register scoreboarding and resource interlock. There is 

more time available at this point_ in the instruction stream to analyze the 

instructions and to make some preliminary determinations as to resource 

requirements and to search the individual instructions in order to extract · 

information contained within each instruction. Later, at the decode stage, there 

is little time available to do some of these functions. 

Fig. 7 is a representation of a template for a reformatted instruction 450 after 

predecoding. Reformatted instruction 450 includes an instruction field 452, a 

register destiiiation field 454, a validity field 456, and an opcode category field 

458. Instruction field 452 is thirty-two bits wide and is the original instruction. 

. Register destination field 254, validity field 456 and opcode category field 458 

are the fields that predecoder 400 adds. 

There are thirty-two registers available in register file 52, therefore they can 

each be uniquely identified by a five bit field. Destination register field 454 is a 

five bit field representing the destination register for the instruction in in~truction 

field 452. The instruction set used for SMU I 0 permits the destination register, 

when it is present, to be in a number of different locations in the thirty-two bits 

making up each instruction. Thus, locating the destination register during 

predecoding and putting it in a known location saves much time later. That is 

one purpose of destination register field 454, to establish a fixed position for this 

important register value. 

Validity field 456 encodes a number of characteristics that the predecoder 

can derive from the instruction. These individual values of the bits in validity 

field 456 expedite dispatching in decode· stage 254. In the preferred 

embodiment, validity field 456 includes eight bit positions. These po~itions 

. correspond to: rd val.id~ instruction valid, int/fp instruction, int and fp 

instruction, rs valid, rt valid, predict bit and delay bit. 

The rd valid bit is a switch to indicate whether the five bits in the destination 

register field 454 are valid for the instru~tion. Some instructions do not have a 
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destination register. Each integer instruction can have up to three registers: the 
destination register and up to two source registers. SMU I 0 defines a first 
source register as· an rs register and .a second register as an rt register. 
Instructions can use either zero, one or two source registers. The rs valid bit in 

· validity field 456 indicates whether or not the instruction uses the rs register. 
Similarly, the rt valid bit in validity field 456 indicates whether or not the 
instruction uses the rt register. In the instruction set for SMU 10, it is not 
necessary to extract the rs and rt registers during predecoding as they are easily. 
located. It is· the destination register that can appear in a number of positions in 
an instruction. 

The instruction valid bit indicates to integer dispatch unit 402 whether the · 
instruction is valid or not. The int/fp instruction valid bitindicates to dispatch 
unit 402 whether or not the associated instruction is a floating point instruction 
or not, while the int and fp valid bit indicates whether or not the associated 
instruction is both a floating point instruction and an integer instruction. 

Two of the validity bits, the- predict bit and the delay bit are used by branch 
prediction logic. They are not defined by predecoder 400 and are not used by 
the dispatch system, therefore they will not be further described herein. 

Fiv~ bit opcode category field 458 broadly groups sets of instructions 
together according to particular resource requirements or other factors that 
require that dispatch unit 402 process an instruction, or group of instructions, 
differently from other instructions. Ta~Ie I below defmes a set of opcodes for 
use in the integer dispatch unit 402. 
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. TABLE I 

Cat Ope Bit Pattern Description (4 3 2 1 0) 

mvcf i 00101 move control register from CoPl to 
int 

mvf i 00100 move register from CoPl to int 
shift 00001 shift 
mul 00011 multiply 
mvhl 00010 move from/to hi/lo reg 
fpcmp 10101 CoPl compare 
ssnop 00110 superscalar noop 
movnz 00111 move conditional 

· bccdep 01011 branch dependent on cc bits 
brbit 01001 branch instruction 
mvccdep 01010 move dependent on cc bits 
cop Ost 11100 CoPl null instruction 
SC . 01100 store conditional 

move control register 
- . --·. . . ct cl 11101 to CoPl 

fpmbit 01111 FP load/store instruction 
·merge 01110 · Load left/Load right 
ldbit 11110 load instructions 

In Table I, the Cat Ope is a list of categories for integer opcodes that were 

chosen for the preferred embodiment. Corresponding to the Cat Ope is a bit 

pattern appended to an instruction represented by the particular category in the 
instruction's opcode category field 458. The numbers in the parenthese in the bit 

pattern heading represent the bit position numbers, with '.'O" representing the 

low-order bit number and "4" representing the high order bit number. In the 

description above, the CoProcessor refers to, in the preferred embodiment, the · 
floating point unit. 

Even though the categories of the opcodes were chosen to group instructions 
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together that have similar resource requirements, there are groups of op code 

categories that share common features. To make the predecoding, and the 

subsequent decoding and dispatching, as efficient as possible using a minimum 

amount of appended bits, common characteristics that are signific~t to resource 

allocation and that are shared among different categories of opcodes· have 

similar bit patterns. For example, the last six opcode categories all represent 

memory-type instructions and therefore, bit positions 2 and 3 are set. Only 

memory-type instructions op code categories will set both bits at positions 2 and 

3. Dispatch unit 402 can quickly determine a memory instruction by masking 

bits 2 and 3 to see if both of these positions are "I". Similarly, there are three 

branch-type opcode categories: bccdep, brbit, and mvccdep. These instructions all 

have bit positions 2, 3 and 4 matching "O 10". 

Sorting the instructions into enough different op code categories while 

maitaining important inter-relatedness can be difficult using a few number of 

bits. It is undesirable from a cost and speed perspective to needlessly increase a . 

number of.bits appended to each instruction. 

After predecoding, predecoder 400 enqueues the reformatted and processed 

instructions into instruction buffer 74. The four instructions taken out of IS 70 

totaled 128 bits, while the four instructions stored iii.to instruction buffer 74 total 

200 bits. The extra memory requirements for instruction buffer 7 4 are greatly 

offset by the performance advantages gained during decode stage 254 from the 

predecoding. 

Fig. 8 is a block diagram of datapath flow through integer dispatch unit 402 

illustrated in Fig. 6. Integer dispatch unit 402 includes five crossbars . 

(multiplexers) that receive instructions from instruction buffer 74 (the queue 

register). These crossbars include two integer operation crossbars 470, two 

memory crossbars 472, and one branch crossbar 474. 

Of the four instructions presented to dispatch unit 402, integer crossbars 470 

select a first two integer operations and issues them down integer pipeline ,1-2----

. Rey\aceO 
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Of the two integer operations .issued down integer pipeline 212, the higher 
· priority of the two is, by conventon in the preferred embodiment, issued down 
one of the pipelines referred to as the left pipeline. Thus, crossbars 4 70 issue 

.. 

the lower priority of the two integer operations dowri the right integer pipeline in 
integer pipeline 212. 

· Memory crossbars 4 72 selects the first two memory operations from the four 
presented from instructiOn buffer 74. and issues them down memory pipeline 
210. Memory crossbars 4 72 issue a higher priority one of the two memory 
operations down a left memory pipeline and the other down a right memory 
pipeline. 

Branch crossbar 474 selects a first branch instruction and issues it to branch 
logic. The five crossbars shown in Fig. 8 all operate concurrently and receive 
the four instructions from instruction buffer 74 in parallel. It may be the case 
that among the four instructions received from instruction buffer 74, there are 
more or less than two integer operations and more or less than two memory 
operations, and more or less than one branch instruction. The crossbars will 
take less than their maximum iffewer·instructions ofthe appropriate type are 
available. 

SMU 10 is a superscalar processor able to execute up to four instructions 
each cycle. However, instructions are always executed and issued in order. To 
enforce in-order processing, for every stage in integer pipeline 250, the 
instructions in the particular stages have a relative priority. Each instruction has 
appended to it two priority bits representing this relative priority. 

Priority is initially established by an instruction counter associated with 
instruction buffer 74. This instruction counter continually points to the highest · 
priority instruction among the four instructions presented to dispatch unit 402. 
As dispatch unit 402 successfully dispatches instructions into the pipelines, the 
instruction counter advances to point to the highest priority non-dispatched 
instruction in instruction buffer 74. 

.. 
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In operation, to select the first two integer operations from· among the four 

instructions, integer crossbar responds to the value ·of the instruction counter . 

. To quickly find integer instructions, dispatch unit 402 finds the first two 

instructions that are not memory instructions, that are ·not floating point 

instructions, and that are valid. The valid bit and the fp/int validity bits of 

validity field 456 of each instruction indicate those instructions that are valid 

non-floating point instructions. To further detennine whether.such an 

instruction is or is not a memory instruction, dispatch unit 402 masks the second 

and third bits. of the bit pattern in the op code category field of each instruction. 

As long as those bitS are not both "I", the instruction is not a memory 

instruction. Valid, non-memory, non-floating point instructions are considered 

integer instructions. 

Selection of memory instructions is simpler. As described above, using the 

instruction counter, the valid bit in validity field 456, and the result of a mask of 

bit positions 2 and 3 in the op code category field 458, dispatch unit 402 quickly 

determines the frrst two memory instructions. 

Selection of the.highest priority branch instruction to route to branch logic 

. depends upon the instruction counter, the valid bit in validity field 456, and a 

comparison of a mask of bit positions 2, 3 and 4 with "0 IO". An ex.act match 

indicates that the instruction is a branch instruction. An instruction sent to 

branch logic also is dispatched to another one of the pipelines. 

Timing is critical in decode stage 254, especially for memory instructions. It 

is important that memory instructions get dispatched as soon as possible to · 

register file 52 to access infonnation used in address generation in the very next 

cycle. Therefore, dispatch unit 402 exposes instructions to the pipelines before 

detenninmg or resolving resource contentions. In response to this, dispatch unit 

402 is able to issue kill control signals for each instruction. This kill signal will 

be asserted for those instructions that should not have been dispatched. The 

instruction counter will only advance to correspond to instructions successfully 
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dispatched. In other words, if for some reason no instructions should have been 

dispatched in a given decode cycle, dispatch unit 402 issues a kill signal for each 

dispatched instruction. The instruction counter does not advance in this case. 

Dispatch unit 402 determines a status of the kill control signals based in part 

upon results of register scoreboarding. Fig. 9 is a schematic representation 

illustrating use of a register scoreboard 480 to establish and resolve resource 

contention. Register scoreboard 480 is· an array illustrating necessary 

comparisons to prevent improper access of registers in register file 52. Across 

th~ top of the. array ·are placed five bit values of the two source registers in each 

·of the four instructions, for a total of eight lines across the array. 

Down the array are placed five bit values of various registers that dispatch · 

unit 402 will use to compare against the values for the source registers arrayed 

across the top. The registers down the array include the four destination register 

values from the destination register field 454 of each of the four instructions. 

Additionally, register scoreboard 480 uses the values of the destination registers 

for the instructions issued in the immediately preceding cycle. These register 

values are labelled ardil, ardir, ardml, and ardmr. Instructions dispatched in the 

immediately preceding cycle would be in address stage 256. Thus, ardil means the 

destination register of the instruction in the left integer pipe located at the 

address stage. · Similarly ardir is the right integer pipe destination register, while 

ardml and ardmr refer to destination register at the address stage of the left and 

right memory pipe, respectively. 

There is also a move instruction that takes data from the FPU 14 and loads it 

into a register in register file 52. This process can take a long time, therefore the 

register to receive the data is scoreboard. There can be two of these move 

· instructions pending at any particular time, with mvO storing the destination 

register of the first move instruction and mv 1 storing the destination register of 

the.second move instruction. 

To implement register scoreboar<;l 480, there are eight registers for storing 
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five bit values of the source registers identified in the four, or fewer, instructions 

dispatched in the present decode cycle. Associated with each register is the 

corresponding valid bit from validity field 456 of each instruction. There are ten 

registers for holding the five bit values identifying the destination registers of the 

four dispatched instructions, the four previously dispatched instructions, and the 

two move instructions. These registers holding destination register infonnation 

also have a validity bit associated with them (taken from the rd valid bit of 

validity field 456). 

In Fig. 9, comparisons between destination registers and source registers are 

ma~e in those instances wherein a circle appears at the intersection of the array. 

For example,_ a comparison is made to see if the destination register for the (rrst 

instruction (rdO) is to be used as a source register for instructions 2, 3 or 4. For 

register scoreboard 480, up to seventy-two comparisons of five bit values are 

made each cycle. Dispatch unit resolves conflicts by allowing higher priority 

instructions to use the register while stalling later instructions requesting access to 

a busy resource. To stall a dispatched instruction, dispatch unit 402 issues a kill 

.. signal_ corresponding to instructions that it wants to stall. 

One reason that dispatch unit 402 scoreboards destination registers of 

instructions in the integer pipeline at address stage 256 is to guard against an 

add to a register followed immediately in the next cycle by a load using that 

register for address. Reserving registers to receive a move from FPU 14 ensures 

that FPU 14 will not have to wait. It is a design of SMU I 0 to not have 

functional units wait after completing an operation. 

Dispatch unit 402 uses more. information than just the results of register 

scoreboard 480 to decide which instructions it should properly dispatch. It is 

one goal of dispatching to ensure that instructions are dispatched in order with 

resource conflicts cleared. For integer.unit 12, the resource limitations include: 

· availability of only one multiplier, one shifter, two destination registers for mvfti. 

(move floating point register to integer), no special write port to register file 52 



for mvfti, and cc (condition code) bi~ being busy for those cc bits dependent 

instructions. For example, as only one shift instruction can be dispatched per 

cycle, a second shift instruction in a group of four instructions has to wait until 

the shifter becomes available. 

Dispatch unit 402 also has a number of conditions that kill all integer 

dispatch. These conditions include: gflsh (queue flush) following a branch· 

misprediction or exception, debug mode, floating point queue full, and memory 

pipes being in a condition that they are unable to handle more memory operations. 

There are also contentions to be resolved for memory instructions. These .. 

contentions include: only one read port to DS 54, the write timing to DS 54, 

only one.register write port for integer stores and merge instructions, integer 

store, mvitf and mvcitf require· a whole ~ntry in FPQ 82 because they carry their 

data along with the instruction, sc goes by itself, and mvcitf goes by itself to 

make cc bit logic simpler as it sets all cc bits in the FPU 14. 

These integer and memory contentions can further limit instruction 

·dispatching by dispatch unit 402 so that fewer instructions are actually 

dispatched in a cycle than might otherwise be dispatched based solely on results 

of register scoreboard 480. 

Fig. I 0 is a simplified block diagram of a fetch and dispatch system 500 

according to the preferred embodiment. Four thirty-two bit instructions fetched 

into a buffer queue 502. Incoming instructions are naturally aligned on 128-bit 

boundaries and outgoing.instructions are always contiguous. Instructions 

fetched into buffer queue 502 are quadword aligned and come into the top of 

buffer queue 502 from an instruction cache (not shown). A dispatch unit 504 

controls dispatching of instructions and includes dispatch registers 506 and a 

selector circuit 508. A group of on-deck registers 510 couple an output of buffer 

queue 502 to dispatch unit 504. 

The dispatch registers 506 function as traditional "instruction registers" 

connected to decoders and register files.· The dispatch registers 506 are either 

22 



recirculated, refilled from on-deck register 510, or directly from the output of 

buffer queue 502. Buffer queue 502 includes a bypass (not shown) to provide a 

direct path from the. instruction cache to the dispatch registers. 
Fig. 11 is an illustration of operation of an instruction queue such as that 

shown in Fig. 10 taken over four cycles. Initially in the first cycle, buffer queue 

502, on-deck registers 510 and dispatch registers 504 are filled with instructions 

named by letters and ordered to execute in descending alphabetical order. The . 
instruction pointer initially points to instruction "A". 

In the frrst cyCle,:dispatch logic determines that of the frrst four potentially 

parallel instructions "A" to "D", only "A" and "B" can execute concurrently. (For 

example, "C" could be dependent on "A" therefore it cannot be dispatched. An 

inability to dispatch "C" also requires that "D" not be dispatched because the 

system does in-order dispatching. 

Thereafter, in the second cycle, signals from the dispatch logic advance "E" 

and "F" from on-deck registers 510 to dispatch registers 504 and hold "C" and 

''D". Instruction counter points to "C" as the highest priority instruction, with 

priorities ass~gned to "D" to "F" starting at "C". In the second cycle, instructions 
"C" to "E" are dispatched with "F" holding. 

. Thereafter~ in the third cycle, instructions "G" arid "H" are moved from on 

deck register 510 into dispatch register 504. However, "I" is accessed directly 

from buffer queue 502. Th~ depletion of all instructions from on-deck register 

510 triggers advancement ofbuffer queue 502 and a fetch of additional 

instructions. Advancement did not occur until the fourth cycle, yet dispatch 

register 504 was properly filled directly fro~ buffer queue 502. This direct 

connection illustrates how the fetch pipeline is decoupled from the dispatch 

decision logic. The dispatch logic need ·only manipulate selectors 508 feeding 

each of the dispatch registers. 

Thereafter, in the fourth cycle, the buffer queue 502 advancement and the 

filling of dispatch registers 504 are simultaneous, achieving continuous 
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alignment-free instruction dispatching (no re-alignment of instructions in source 
code order). 

The following description refers again to Fig: 6. At the end of decode stage 
254, up to two integer instructions go to the integer pipelines, and up to two 
memory instructions go to the memory pipelines. Floating point instructions are 

· not scoreboarded or processed in dispatch stage 254, they just flow through 
integer dispatch unit 402 to floating point instruction processing unit 404. 
During address stage 256, floating point instructions are again reformatted 

conveniently °for floating point dispatch. 

Fig. 12 is a representation of a template for a reformatted floating point 
operation instruction 550 and a template- for a reformatted floating point 
memory operation 552 after reformatting. Reformatting of floating point 
instructions results in instructions thirty-seven bits wide. 

During execute stage 258, the reformatted floating point instructions are 
rotated in source order. Thereafter, quadwords that contain instructions relevant 
to floating point issue are written to FPQ 82. Floating point dispatch unit 406 
controls dispatching of fp relevant instructions according to resource contention 
and register scoreboarding similar to disp_atching in decode stage 254. Note that 
only a portion of the reformatted instruction are actually sent out on to the T-bus 
linking integer unit 12 to FPU 14. As shown in Fig. 12, twenty-nine bits of 
reformatted floating point operation instruction 550 are sent to the T-bus, while 
only nine bits of reformatted floating point memory instruction 552 are sent to 
theT-bus. 

Table II shows floating point opcodes and the associated_ four-bit value 
representing that opcode category. There are fewer categories so floating point 
dispatch (S cycle or FD stage) operations require only a four-bit tag. Again, the 
categories emphasize the different resource requirements. Two broad 
sub-classes are illustrated in Table II: floating point memory instructions and 
floating point execution instructions. The higher bit of the opcode identifies the 
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·subclass. A "0" in bit position 3 indicates a memory instruction while a "I" 

indicates a floating point execution instruction. 

One difficulty with the floating point instruction dispatch logic is 

scoreboarding the floating point execution instructions. The different opcodes of 

the floating point execution instructions highlight latency differences among 

them. That is what long in the opcode section of Table II belowreferenced by 

the "l oooit bit pattern; instructions in this category take. many cycl~s to 

· complete. Although FPU 14 includes two symmetric pipelines for execution, the 

different latencies of these instructions makes scoreboarding much more ·complex. 

TABLE II 

OPCODE CATEGORY BIT PATTERN DESCRIPTION (3 2 1 O} 

f p load 0100 f p mem instruction 
f p store 0101 f p mem instruction 
int store 0001 f p mem instruction 
move from fpr . 0010 

.. 
fp mem instruction 

move from ctl (control) 0011 fp mem in.struction 
move to fpr 0110 fp mem instruction 
move to ctl 0111 f p mem instruction 

long 1000 f p ex instruction 
reg copl 1010 f p ex instruction 
short 1100 f p ex instruction 
move 1101 f p ex instruction 
comp 1110 f p ex instruction 
reg copl x 1011 f p ex instruction 
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Fig. 13 is a schematic diagram illustrating dispatching in SMU 10 to perform 
a floating point load operation. Register file read, address generation and TLB 
lookup functions for integer unit 12 are included in an address unit 600. The 
external cache pipeline functions of tag memory access and GS data access are 
included in a global cache (GS) access unit 602. GS access unit 602 provides 
read data to both LDQ 104 and FPR 102. Additionally, GS access unit 602 · 
asserts an enqueue signal to LDQ I 04 when data is available from GS 16. 

Integer unit 12 also includes a load queue counter (LDQ counter) 604. LQQ · 
counter 604 responds to an increment signal from GS access Wiit 602 that 
indicates when there is a hit in GS tag memory. LDQ counter 604 provides an 
output to FP dispatch unit 406. The output has three states: zero, one, or>= 2.-

The floating point load instruction begins at the IS IU dispatch unit 402. 
Integer dispatch unit 402 issue~ this instruction to both the integer pipeline 
(address unit 600) and to the floating point pipeline (FP dispatch unit 406). 
Address unit 600 generates a virtual address -and translates it into a physical 
address. Address unit600 provides this physical address to GS access unit 602. 

When GS access unit detects a GS tag hit, integer unit 12 knows that 
corresponding data will be available so it asserts the increment signal to LDQ 
counter 604, incrementing it to a value of one. GS access unit 602 writes the 
data into LDQ I 04 when it is available by asserting the enqueue signal to LDQ 
104. 

· FP dispatch unit 406 holds the floating point load instruction in FPQ 82 
during the address generation and data access cycles. When LDQ counter 604 
indicates that data for the floating point load operation is available in LDQ 104, 
FP dispatch unit 406 dispatches the instruction over the T-bus to FPU 14. FPU 
14 reads the data from LDQ I 04 and writes it into FPR 102. 

Fig. 14 is a schematic diagram illustrating dispatching in SMU 10 to perform 
a floating point store operation. Integer unit 12 includes a store address 
generation unit 610 that includes register. file 52, address generators 56, TLB 58 
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and DS tag/validity data. A store data queue counter (SDQ counter) 612 
(physically implemented as two counters - a SDQ counter for even addresses 
(SDQE coilnter 612a) and a SDQ counter for odd addres~es (SDQO counter 
612b) for determining a status ofSTQ 106 on FPU 14. SDQ counters respond 
to increment signals from FP dispatch l,lllit 406 to increment their stored values. 
FP dispatch unit 406 receives a signal from store address generation unit 610 to 
indicate to which bank a store will be inade. 

-The floating point·store instruction begins at IS integer dispatch unit 402; 
Dispatch unit 402 dispatches the floating point store instruction to both store 
address generation unit 610 and to FP dispatch unit 406. Store address 
generation unit 610 receives the floating point store instruction and any address 
source register specifier. FP dispatch unit 406 receives a data source register 
specifier. 

Store address generation unit 610 determines a virtual address and translates· 
it into a physical address. DS 54 includes a tag memory and valid m.emory (not 
shown) that are checked to ensure consistency between DS and· GS. Store · 
address generation unit 6 I 0 provides a physical address to GS tag I 8 and 
asserts an even/odd bank signal (as appropriate) to FP dispatch Un.it 406. 

A hit in GS tag 18 enqueues the store address in store address queue 224. 
External cache controllogic 614 checks a status of the appropriate SDQ counter 
612 to determine whether data is available in STQ I 06 on FPU 14. 

FP dispatch unit 406 does not issue the floating point store instruction until 
normal instruction and resource dependencies permit dispatch of the instruction. 
Upon receiving the store instruction, FPU 14 reads data from FPR 102 and 
enqueues it in STQ 106. STQ counter 612 is incremente~ to indicate that data is 
available in STQ I 06. Thereafter, when an entry in SDQ 106 matches an entry . 
in address queue 224, the external cache control logic 614 dequeues the data 
and is sent to external cache 16. 

IV. Pipeline Refill and Exception.Processing 
nRep\aced . 
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I The description above described the pipeline operation in its preferred mode 
of operation with instructions being continually fetche<L decoded and executed. 
There are a number of situations that arise during operation of a pipelined 
superscalar processor that can cause a discontinuity in operation of a pipeline. 
Generically, these situations are referred· to in the preferred embodiment as 

. exceptions, meaning that their execution causes, or caused, SMU l 0 to operate 
the pipelines in a special fashion. 

The methodology employed by SMU 1 O to handle exceptions is called 
exception processing. In the preferred embodiment, SMU 10 expands the 
concept of exception processing to cover events and situations not classically 
de:fmed as exceptions and provides a univet"Sal system for handling all types of 
events. Exception processing logic coupled to virtually all of the functional units 
of SMU 10 monitor and control exception processing. 

SMU 10 not only includes traditional integer unit exceptions among the class 
of exceptions it processes, but includes data cache misses, lLB exceptions, 
floating point instruction exceptions, branch misprediction, system calls and 
returns from exception processing among the class of recognizable exception 
situations. SMU 10 provides a common exception handling paradigm for the 
exceptions. 

The exception handling process is complex due to the superscalar nature of 
SMU 10. In the preferred embodiment, SMU 10 handles all exceptions in 
execute stage 258. It is necessary to detect exceptions prior to writeback stage 
260 ·because writes into register file 52 are irreversible. SMU 10 also resolves· 
all exceptions related to higher priority instructions that precede a floating point 
instruction prior to.dispatching that floating.p_oint instruction into FPQ 82. 

· Another factor adding to complexity of the exception processing system 
includes the· use by SMU I 0 of a continually advancing pipeline. The pipelines 
of SMU 10 never stop, but advance instructions each cyCie. Due to the speed of 
the pipelines, the short amount of time ;available after exceptions are detected 

., 
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during the execute stage 258, and the large chip size, halting the pipeline by 

issuing stop instructions to all parts of SMU 10 would be impractical. 

For integer instructions, exception processing uses a precise model. For 

floating point instructions, the decoupling· of the high latency of external cache 

pipeline 302 from integer pipeline 250 results in SMU 10 employing an 

imprecise exception processing model for floating point instructions. 

The pr~cise model requires that SMU 10 identify precisely an instruction that · 

causes an exception. SMU 10 employs a program counter at execute stage 258, 

and uses priority bits appended to each instruction, to identify a particular 

· ins~ction causing the exception. The two bit priority code appended to each 

instruction indicates relative priority among instructions in the same stage of the 

pipeline. 

The priority bits also perform a second function. When an exception occurs, 

SMU 10 allows all instructions having a priority higher than ·the instruction 

causing the exception to complete, and cancels the exception causing instruction, 

as well as all lower priority instructions. 

Not only is the exception instruction, as well as lower priority instructions, 

tagged to prevent them from advancing to the next stage and changing the stage 

of any memory locations, effects of these canceled instructions that occurred 

during execute stage 258 must be canceled. 

One particular operation that is more difficult than the others to cancel is a 

store t9 DS 54. During execute stage 258, after an instruction stores to DS 54, 

an in~truction with a higher priority can generate an exception. In this case, the 

store to DS 54 needs to be canceled. 

To further explain the cancellation procedure~ some additional details 

regar4ing DS operation are described. DS 54 is a direct mapped cache storing 

16~ of data with 32 byte lines. DS 54 includes a tag memory and a validity 

bit memory. There is one validity bit associated with each word in DS 54. The 

· validity bit of DS 54 was described with respect to the split-level cache. SMU 
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I 0 uses this same validity bit to assist in the cancellation of a DS store. 
SMU I 0 always stores to the data area of DS 54 before it is known whether 

there is a hit in tag memory of DS, and what is being overwritten. In the case 
· that then~ is a DS tag miss, the exception processing logic will treat the miss as 

an exception and process it as described below. . 
In the case that an exception occurs from a higher priority instruction, the 

exception processing logic must cancel the store, even if there was a DS tag hit. 
To correct the OS.write, the exception processing logic clears the validity bit 
associated with the sfored data word, thereby invalidity the data. It no longer 
matters what data was stored in that storage location prior to the out-of order 
store. A subsequent attempt to read from that location will generate a DS miss; 
causing the location to be read from external cache 16 (and generate an . . 

exception). A subsequent write to that location will store its data and set the 
associated validity bit,· marking the data as valid. 

After an exception, dispatch unit 202 flushes integer pipeline 250 for two to 
three cycles. During the time that the flushing occurs, the exception processing 
logic is able to review what, if anything, happened to DS 54, and to make any 
needed corrections at that time. 

The following is a ~escription of the different types of exceptions, as well as a 
description of steps for handling those instructions. The exceptions are dealt 
with in order: integer unit exceptions, TLB exceptions, FPU 14 execution unit 
exceptions, IS miss, and DS tag miss.· 

Integer unit exceptions typically occur in integer unit 50, such as an overflow. 
Upon detecting the exception, SMU I 0 immediately initiates exception 
processing. The first step identifies which instruction among the four possible 
instructions in execute stage 258 caused the exception. Identification of this 
instruction results when the tunctional unit that detects the exception reports the 
two-bit priority.code from the associated instruction. The report is made to the 
exception processing logic. 

30 



In the case when there are multiple instructions in execute stage 258, it is 

possible that more than one instruction causes an exception. The processing 

logic selects the highest priority instruction causing an exception as the 

exception instruction, allows any instructions with higher priority to complete, 

and cancels the exception instructiOn and all lower priority instructiqns. 

To cancel an instruction, it is only necessary to inhibit that instruction from 

making an irreversible change to any memory location. Therefore, the exception 

processing logic disables canceled instructions from writing into the register 

flies. To disable an instruction from writing into the register file, the exception 

processing logic clears a validity bit of the instruction (i.e., invalidates the 

instruction). 

The register file will not be changed in response to an instruction haviiig a 

cleared validity bit. This validity bit is different from the instruction valid bit in 

the validity field appended to each.instruction during the fetch stage. It is a 

one-bit code associated with each instruction to indicate its validity to the stages 

of SMU I 0 (i.e., whether any particular stage can process the instruction). 

Because the pipeline continues to advance each cycle, an instruction that is not 

selected by a subsequent stage gets overwritten and disappears from the pipeline. 

Not only does the exception processing logic prevent writes into the integer 

register file, it prevents the exception instruction and all lower priority 

instructions from being written into FPQ 82, and from entering external cache 

pipeline 302. Additionally, the exception processing logic sends a signal to 

dispatch unit 202 indicating the existence of an exception condition. Dispatch 

unit 202 stops dispatching all instructions until notified that it can start again. 

There is a program counter associated with execute stage 258 that determines 

the program code number for the exception instruction by using the reported 

priority code and adding that number to the program counter. This program 

code. number for the exception instruction. is an except.ion program counter 

(EPC) .. The EPC is sent to the logic that controls instruction buffer 7 4 and 
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instruction cache 70. Instruction buffer 74 advances its instruction counter to 

pointto the exception instruction a8 the next instruction. 

ID the case of an integer execution unit exception IS 70 fetches instructions 

from an exception handling vector in order to process the exception. Once the 

instructions from the exception handling vector are fetched and ready for 

dispatc~ dispatch unit 202 resumes dispatching to process the exception. 

Completion of the exception handling process, an exception condition in its own 

right, resumes "normal" operation of SMU 10. For some types of exceptions, 

processing will resume with the exception instruction, while for others, SMU 10 

processes a completely different set of instructions. Thus, the integer execution 

unit instruction exception is handled by canceling effects of the instruction and_ 

subsequent instructions, dispatching and executing exception handling vector 

instructions, and resuming operation. 

The exception processing logic handles· TLB exceptions in much the same 

way. A TLB exception occurs when TLB 58 is unable to lookup a physical 

address corresponding to a virtual address generated by address generator 56. 

SMU 10 can still determine the physical address, but it will require a few cycles 

to do so. In response to the TLB exception, the exception processing logic 

identifies the instruction causing the TLB exception as the exception instruction. 

It, and any lower priority instructions, are canceled with higher priority 

instructions committed and allowed to complete. 

The EPC reported to instruction buffer 74 points to the instruction causing 

the TLB exception. While there is no error, per se, in the case of the TLB 

exception, TLB refills are· handled by a software routine. When refill is 

complete, program execution resumes back where the TLB exception was taken, 

see application entitled VARIABLE PAGE SIZE TRANSLATION 

LOOK.ASIDE BUFFER filed December 15, 1993. The instruction counter simply 

points to the instruction on causing the TLB exception, causing dispatch unit 

202 to try and dispatch it. Until TLB -5.8 is ready, the instruction counter will 



not move, causing dispatch unit 202 to continually dispatch the instruction. As 

soon as the physical address is available, normal operation resumes. 

The exception processing logic handles floating point execution exceptions 

similarly to the way it handles integer unit execution exceptions, with one · 

cayeat. As mentioned, SUM I 0 employs an imprecise exception model for 

floating point instructions. Therefore, when an exception occurs, the program 

counter does not point to the instruction generating the exception. Therefore, to 

process the floating point instruction exception, the exception processing logic 

reports the current value of the program counter and the type of exception. 

All instructions are canceled, dispatch unit 202 flushes integer pipeline 250, 

and IS _70 fetches appropriate instructions from an error handling·vector 

· appropriate to the type of instruction. The error handling routine must deal with 

the lack of information regarding the precise instruction generating the floating 

· . point error. A floating point exception typically terminates program execution 

and finishes with an error code, though particular functionality is· dependent 

upon the software exception handler. 

For IS misses and DS misses no error has occurred but these are handled the 

same way as an exception would be handled, i.e., the pipeline is flushed and 

new instructions are fetched. On an IS miss the instruction fetching is held up 

.until the new IS line can be brought in, then instruction dispatching is resumed. 

On a DS miss~ instruction fetching is immediately resumed at the instruction 

· that caused the DS miss, but dispatching is held up until the new DS line can be_ 

brought in. 

Advan~ges of the present system derive from the system's ability to quickly 

(within one cycle) resolve exceptions, precisely identify the particular exception 

instruct~on, and allow higher priority instructions to complete. Consider the 

instruction stream shown in Table ill below: 
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TABLE III 

Instr. Order Instruction Exception? 

1 ADD NO 
2 ADD NO 
3 LOAD NO 
4 LOAD YES 

??? ADD . . . 5 
-

6 ADD ??? ... 
??? LOAD . . . 7 

. . . . . . . . . 

The instructions are ordered with the highest priority at the top. Dispatch 

unit 202 issues the frrst four instructions. · In the course of executing instruction 

number four, a DS 54 miss occurs. The exception processing logic permits 

instructions one, ~o and three to complete. After handling the DS miss of 

instruction four, dispatch unit dispatches instructions four, five, six seven, NOT 

just instruction four by itself. After an DS exception, dispatching retrieves 
., 

instructions fiom instruction buffer 74 in order beginning from the new instruction. 
V. Conclusion 

In conclusion, the present invention provides a simple, efficient solution to a 

problem of instruction dispatch and exception processing in a superscalar 

multiprocessor. While the above· is a complete description of the preferred 

embodiments of the invention, various alternatives, modifications, and 
. .. 

equivalents may be used. For example, the reference herein to the preferred 

embodiment's use of a floating-point Coprocessor should not limit the claimed 
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invention to just that one type of coprocessor. As wed khown in the art, other 

coprocessor types are available. Some of the floating point specific design 

elements could be replaced by specific design features customized to another 

coprocessor-type. Therefore, the above description should riot be taken as · 

limiting the scope of the invention which is defined by the appended claims. 
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CLAIMS · 

I. An instruction dispatching method for superscalar microprocessor having an 

instruction decode stage folloWing an instruction fetch stage, comprising the 

steps of: 

predecoding a fetched instruction prior to said fetched instruction being 

advanced to the instruction decode stage by appending a frrst field and a second 

field to said fetched instruction wherein said frrst field includes resource 

information extracted from said fetched instruction and said second field 

includes a resource categorization field identifying a class of resources used by 

instructions of a type similar to said fetched instruction; and thereafter 

dispatching said fetched instruction after advancing itto the instruction 

decode stage to produce a decoded instruction, 

said dispatching step using said first field and said second field to route said 

decoded instruction to a functional unit for processing. 

2. A method. for checking for a register contention between a frrst instruction 

and a second instruction concurrently cycled into a decode stage of a pipeline of 

a superscalar microprocessor having a plurality of general purpose registers, 

comprising the steps of: 

predecoding the :frrst instruction prior to the decode stage by extracting a first 

destination register information field from the frrst instruction located at a frrst 

relative location in the frrst instruction and· appending said first destination 

register information field to the frrst instruction at a predetermined location 

relative to the first instruction; 

predecoding the second instruction prior to the decode stage by extracting a 

second. destination register information field from the· second instruction located 

at a second relative location different from said first relative location and 

appending said second destination register information field to the 'second 
. ~: .. _: .. : . 
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instruction at said predet6rmined location relative to the second instruction; and 

thereafter 

extracting, at the decode stage, a first source register information field from 

the first instruction; 

extracting, at the decode stage, a second source register information field · 

from the second instruction; and thereafter 

comparing said first register destination information field with said second 

source register information field; and 

comparing said second register destination information field with said. frrst · 

source register information field. 

3. A method for dispatching integer instructions and floating· point instructions 

in a superscalar, multichip microprocessor having an integer functional unit and 

· a floating point functional unit, the microprocessor including an instruction fetch 

stage, followed by an instruction decode stage, and a subsequent stage after the 

instruction decode stage, comprising ·the steps of: 

(a) fetching an integer instruction; 

(b) fetching a floating point instruction; and thereafter 

( c) predecoding said integer. instruction prior to said integer instruction being 

advanced to the instruction decode stage by appending an identification field to 

said integer instruction wherein a frrst value in said identification field includes 

information identifying said integer instruction as an integer-type instruction; 

( d) predecoding said floating point instruction prior to said floating point. 

instruction being advanced to the instruction decode stage by appending an 

identification field to said floating point instruction wherein a second value in 

said identification field includes information identifying said floating point 

instruction as an floating point-type instruction; and thereafter 

( e) dispatching only integer-type instructions in the instruction decode stage; 

and thereafter 
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(f) dispatching floatlli~ point-type instructions in tli.l5 subsequent stage. 

4. An exception processing method for a superscalar microprocessor having a 

five-stage pipeline including, in order, a fetch stage, a decode stage, an address 

stage, an execute stage, and a register writeback stage writing data into a general 

purpose register file, comprising the steps of: 

d:ispatching. concurrently a plurality of instructions to functional units of the 

superscalar microprocessor for concurrent execution in the execution stage, each 

of said plurality of instructions having an associated execution priority level 

different from other instructions in said plurality of instructions; and thereafter 
. -

detecting an exception condition caused by execution of a particular one of _ 

said plurality of instructions in the execute stage; and thereafter 

determining which of said plurality of instructions is said particular one 

instruction; 

determining said associated priority level of said particular one instruction; 

and thereafter 

completing any of said plurality of instructions having an associated priority 

level greater than said: associated priority including authorization of said higher 

priority level instructions to Write into the general purpose register file in the 

immediately subsequent register writeback stage while canceling said particular 

one instruction and all instructions having smd associated priority level lower 

than said associated priority level of said particular one instruction with·the · 

canceling including inhibition of writes to the general purpose registers in the 

immediately subsequent register writeback stage. 

5. A method for providing resource identification tags that identify resource 

requirements of an instniction in an instruction set to a dispatching unit of a 

microprocessor, comprising the steps of: 

specifying a plurality of resource cl~ses of resource allocation limitations of 
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·the microprocessor that lite mutually excl~ive of each otiier; 
associating each instruction of the instruction set with· an appropriate one of 

said plurality of resource classes; 

identifying a resource set for a first one and a second one of said plurality of 

resource classes sharing a common dispatching characteristic; and 

assigning a unique binary value to each of said plurality of resource classes, 

wherein said binary values of said first one resource class and said second one 

resource class share a mask pattern identifying said resource set wherein only . . 

instructions in said resource set include said mask pattern. 
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