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BACKGROUND OF THE INVENTION 

VIRTUAL INPUT/OUTPUT PROCESSOR 

1. field of the Invention: 

I' ; 
\PD.S s (,.;:.fJ-.. 

cf.(ot6 IS---~ 

The present invention relates to tha field of computer systems. More 

specifically, the pres~nt invention relates to input/output (1/0) methods and 

apparatus of ·computer systems. 

2. ·Background: 

Programmed 110 (PIO) under the complete control of the central 

processing unit (CPU), as opposed to direct memory access (OMA} or dedicated 

110 processor, is well known in the art. Under such technique, the CPU s1alls for 

1ha completion of an access to an 110 device. Since 110 access tends to have a 

high latency compared to CPU cycle time, programmed 1/0 has the disadvantage 

of wasting CPU cycles. The disadvantage is especially aggravating for the 

modern processors running much faster than the average access time to the 1/0 

devices. Each programmed 1/0 access to an J/O device could easily waste 

hundreds of CPU clock cycles. The situation becomes worse as the discrepancy 

between CPU cycle time and 1/0 access time becomes larger. 

Hardware optimizations such as store buffers have been used to 

reduce 1he overhead of programmed 110 accesses. The CPU can continue its 

execution of other programs after a store operation is correctly issued. The store 

buffer approach typically improves programmed 1/0 write performance, but does 

not alleviate the latency problem for programmed 1/0 read operations. Another 

approach is the employment of an 1/0 processor dedicated to performing 
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programmed high level 110 opera1ions. The 1/0 processor interprets and executes 

the high level commands received fr'?m the CPU, thereby freeing the CPU, 

allowing it to continue execution of other programs. The 1/0 processor can report 

1he s1a1us 1hrough some pre-defined mechanisms upon the completion of 

command execution. Unfortunately, the dedicated J/O processor approach is 

inherently costly. 

Thus, it is desirable to be able to support data transfers to and from 

1/0 devices withou1 wasting a lot of CPU cycles nor incurring expensive hardware 

costs. As will be disclosed,· the present invention provides a virtual 1/0 processor 

which achieves the objects and desired results described earlier. 
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SUMMARY Of THE INVENTIO~ 

The desired results of supporting programmed 1/0 without wasting a 

lot of CPU cycles, nor incurring expensive hardware cost, are advantageously 

achieved by implementing a virtual 1/0 processor (VIOP}. using a programmed 1/0 

(PIO) unit. The PIO l;!nit is complemented by a VIOP interrupt, a VIOP interrupt 

handler. and a number of VIOP data structures. Preferably, the PIO unit is further 

complemented with a set of dedicated 1/0 global registers, a number of VIOP 

library read/write routines for various 1/0 device types, and non-blocking read and 

write operations. During execution, these elements .cooperate with each other to 

perform multiple sequences of programmed I/Os as if they were being performed 

by a dedicated 1/0 processor. In one embodiment, the VIOP handler automatically 

reinvokes the PIO unit if the sequence of programmed J/Os has not been 

completed. 

The PIO unit performs actual non-blocking 110 read/write accesses 

against the target 110 devices. The VIOP interrupt and its handler facili1ate returns 

from the PIO unit at the completion of 110. accesses by the PIO unit. Each VIOP 

data structure facilitates control and data management for a sequence of 

programmed I/Os. The VIOP handler maintains the VIOP data structures 

accordingly. In one embodiment, the VlOP handler automatically reinvokes the 

PIO uhit if the sequence of programmed I/Os has not been completed. 

The preferred set of dedicated 110 global registers facilitate the 

transfer of 110 data between system memory and the PIO unit, as well as the 

performance of the programmed 1/0 control and da1a management functions. 
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The preferred VIOP library read/write routines perform programmed 

I/Os against target 1/0 devices of various device types, using the PIO unit and its 

complimentary facilities. Application programs selectively invoke the appropriate 

VIOP library read/write routines to perform read/write accesses against the 1/0 

devices. ln one embodiment, the VfOP library read/write routines are respo~sible 

for repetitively invokiqg the PIO unit if the sequence of programmed I/Os has not 

been completed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is an exemplary computer system incorporating the 

1eachings of 1he presen1 inven1ion. 

FIGURE 2a illustrates the relevant portions of one embodiment of 

the execut.!on unit of Figure 1 in further detail, in particular, the preferred 1/0 

global registers· of the present invention. FIGURE 2b illustrates an _exemplary 

v1op· interrupt entry in the interrupt ra·ceive buffer of Figure 1. 

FIGURE 3 illustrates the relevant portions of one embodiment of 

the PIO unit of Figure 1 in further detail. 

FIGURE 4 illustrates the k~y software elements and their 

relationships to each other, in parti?ular, the VIOP inter~pt handler and the VIOP 

data structures. Figure 4 also illustrates the VIOP library read/write routines, 

and the non-bfock read/write statements. 

FIGURE 5 illustrates one embodiment of the VIOP data structures 

in further detail. 

FIGURE 6 illustrates the method steps of the present invention for 

performing a sequence of programmed f/Os for a read operation. 

FIGURE 7 illustrates the method steps o_f the present invention for 

performing a sequence of programmed I/Os for a wri1e operation. 
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DETAILED DESCRIPTION 

In the following description for purposes of explanation, specific 

numbers, materials and configurations are set forth in order to provide a thorough 

understanding of the present invention. However, it will be apparent to one 

skilled in the art that the present invention may be practiced without the specific 

details. fn other instances, well known systems ·are shown in diagrammatic or 

block diagram form in order not to obscure the present invention· unnecessarily. 

Referring now to Figure 1, a block diagram illustrating an 

exemplary computer system incorporating the teachings of the present invention 

is shown. The exemplary computer system 1 O comprises a processor 11 

including an instruction prefetch and dispatch unit (POU) 12, a load/store unit 

(LSU) 14, and an execution unit (EU) 16 inc_orporated with the teachings of the 

present invention, coupled to each _other as shown. The processor 11 further 

includes an instruction cache (i-cache) 18, a data cache (d-cache)'22, .a memory 

management unit (MMU) 20, and a bus interface 24, coupled 10 each other, the 

POU 12, the LSU 14, and the EU 16 as shown. Additionally, the computer 

system 1 O comprises a system interconnect 13 and an 1/0 controller 15 including 

a bus interface 25, a programmed l/O unit {PIO) 26 of the present invention, an 

interrupt generator 27 and OMA control 29. 

Cooperatively, instructions are fetched from the system memory (not 

shown), stored in the instruction cache 18, and dispatched to the LSU 14 and EU 

16 for execution. The execution results are stored back into 1he data cache 22, 

and if applicable, to the system memory. 110 devices (not shown) are accessed 

through the 1/0 controller 15. Some I/Os are performed by programmed I/Os 
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using the PIO unit 26 of the present invention. The PIO unit 26 performs the 

actual 1/0 accesses against the 110 devices (not shown) for programmed I/Os, and 

cooperates with a VIOP interrupt and a VIOP interrupt handler of the present 

invention, which will be described in more detail below. As will be obvious from 

the descriptions to follow, the PIO unit 26 can be built at a relatively low cost in 

terms of both circuitry and real estate required. Addi1ionally, the present invention 

may be practiced ~ith one or more PlO units 26. 

Except for the teachings of the present invention incorporated in the 

EU 16 and the. PIO unit 26 for supporting programmed I/Os, the elements 

illustrated in Figure 1 are intended to represent a broad category of these 

elements found in most computer systems. The constitutions and basic functions 

are well known and will not be otherwise described further. The teachings of the 

present invention incorporated in the EU 16 and 1he PIO unit 26 will be 

described in further defail below with additional references to the remaining 

figures. The elements of the present invention will be described individualJy first, 

and then ~oUowed by the manner they cooperate with each other. 

Referring now to Figures 2a-2b, two block diagrams illustrating 

the relevant portions of one embodiment of the execution unit of Figure 1 in 

further detail is shown. The EU 16 comprises conventional elements such as a 

number of control and state registers 32 and 34, an integer and a fJoating poin"t 

execution unit 28 and 30, an integer and a floating point register "file 40 and 42, 

and an interrupt receive buffer 36. Additionally, in accordance to the present 

inven1ion, the EU 16 preferably comprises a number of dedicated 110 global 

registers 38. 
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The interrupt receive buifer 36 stores received interrupts, including 

VIOP interrupts 37 of the present invention. VIOP interrupts are used by the PIO 

unit 26 to transfer execution to a VIOP interrupt handler. A VIOP interrupt 37 

includes a PC 39 denoting the starting address of the VIOP interrupt handler, a 

pointer 41 to a VIOP descriptor and optionally, data just read from an 110 device, if 

the VIOP interrupt 37 was triggered as a part of a programmed read 1/0. 

Alternatively, a pointer to be resolved indireGtly, for example through a trap base 

register, may be used instead of PC 39. VIOP interrupt 37, VIOP interrupt 

handler, and VIOP descriptor will all be described in more detail below. 

The preferred dedicated 1/0 global registers 38 facilitate 1/0 data 

transfers between the system memory and the PIO unit 26 as well as 

performance of control and data management functions 1or a sequence of 

programmed J/Os, which will be described in more detail below. As will be 

appreciated by those· skilled in the art, the dedicated 1/0 global regis1ers 38 are 

pref erred for performance reasons. The provision of the dedicated 1/0 global 

registers 38 avoids having to spill a portion of 1he current content of the register 

files 40 and 42 to facilitate the above described 1/0 data transfers and 

performance of management functions. 

The functions and the constitutions of the remaining .control and 

state registers 32 and 34, the integer and floating point units 28 and 30, the 

integer and floating point register files 40 and 42, and the interrupt assertion and 

detection mechanism are all well known, and will not be further described. 

However, it·should be noted that while the present invention is being described 

with the preferred dedicated 110 global registers 38 disposed as part of the EU 
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16, 1he present invention may be practiced with the preferred dedicated 1/0 

global registers 38 disposed in other parts of the processo'r 11. 

Referring now 10 Figure 3, a block diagram illustrating the relevant 

portions of one embodiment of the PIO unit of Figure 1 in further detail is shown. 

The PIO unit 26 comprises a sequencer 50, a number of da1a buffers 48, and a 

number of ~on1rol and status registers 46, and non-blocking read/write control 

circuitry 44 coupled to each other as shown. The sequencer 50 executes a pre­

defined sequence of operations for performing actual 1/0 accesses against an 1/0 

device, after the ·PIO unit 26 has been allocated and properly initialized. The 

non-blocking read/write control circuitry 44 contr~ls the actual non-blocking 

read/write from/to an I/O device. Additionally, 1he sequencer 50 asserts 1he VIOP 

interrupt at the completion of each 110 access. The data buffers 48 buff er the 1/0 

data being transferred by 1ha programmed I/Os to aad from the 1/0 device. The 

control and status registers 46 store current control and status information of the 

PIO unit 26. Allocation and initialization of the PIO u·nit 26, transfer of data 

between the data buffers 48 and the dedicated 110 global registers 38, as well as 

asserti.on and servicing of the VIOP interrupt will also be described in more detail 

below. 

Referring now to Figure 4, a block diagram illustrating key software 

elements of the present invention are shown. As illustrated, the key software 

elements include a VIOP interrupt handler 116 and a number of VIOP data 

structures 118. 
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The VIOP interrupt handler 116 in cooperation with the VIOP 

interrupt facilitate returns from the PIO unit 26 at the completion of actual 1/0 

accesses performed by the PIO unit 26. The VIOP interrupt handler 116 is 

invoked and given execution control through the VIOP interrupt, as described 

earlier. The VIOP irtterrupt handler 116 performs control and data management 

functions for programmed l/Os utilizing the VIOP data structures 118. As will be 

described in ·more detail below, in one embodiment, the VIOP interrupt handler 

116 a·lso automatically reinvokes the PIO unit 26 if a series of programmed I/Os 

has not been completed. 

The VIOP data structures 118 facilitates the control and data 

management functions performed by the VIOP handler 116. One VIOP data 

~ructure 118 is used for·each sequence of programmed I/Os. Each VIOP data 

structure 118 comprises a VlOP descriptor 122 and a VIOP data buffer 124. The 

VIOP descriptor 122 holds the control information for a sequence of programmed 

I/Os, whereas, the VIOP data buffer 124 holds the actual 1/0 data being 

transferred by the sequence of p"rogrammed I/Os between the system memory 

and the 110 devices. 

Referring now to Figure 5, a block diagram iflustrating the VIOP · 

descriptor 122 and the VIOP data buffer 124 of F.igure 4.in further detail is 

shown. As illustrated, a VfOP descriptor 122 comprises a VIOP data buffer 

pointer 126, an 110 word count 128, an 110 device address 130, and a VIOP 

address 132. The VIOP data buffer area pointer 126 points to a location in the 

VIOP data buffer area 124 where the next group of programmed 1/0 data are to 

be read or written. The 110 word count 128 keeps track of the amount of 1/0 data 
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remains to be transferred by the programmed I/Os between the system memory 

and the target 1/0 device. The device address 130 points to the target 110 device 

against which the programmed I/Os are performed. The VIOP address 132 

denotes the address of a PIO unit 26. 

Referri(lg back to Figure 4, preferably, the software elements 

further include a number of VIOP library read/write routines 112 and 114. The 

VIOP library r~ad and write routines 112 and 114 perform programmed I/Os 

a_gainst 1/0 devices of various device types, using the above described PIO unit 

26 and its complementary facilities. Application programs 102 invoke VIOP 

library read/write· routines 112 and 114 to access 1/0 devices. As will be 

described in more detail below, in one embodiment. the VIOP read/write routine 

112or114 automatically reinvokes the·PIO unit 26 if a series of programmed 

read/write 1/0s has not been completed. The VIOP read and write routines 112 

and 11~ may be statically linkedited as integral parts of an application program 

102, or they may be dynamically loaded during execution. 

Having now descr!bed 1he individual elements of the present 

invention, the manner in which these elements cooperate to perform the 

programmed I/Os as if the programmed I/Os are executed by a dedicated 110 

processor on the exemplary eomputer system 10 will now be described in detail 

wi1h references to Figures 6 - 7. 

As illustrated in Figure 6, invoking the VIOP library read routine 

112 in an application program 102.·at step 202, the VIOP library read routine 

112 allocates a VIOP descriptor 122 and a VIOP data buffer area 124 in the 

system memory. Jn other words, the VIOP library read routine 112 initializes the 
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VIOP descriptor i 22 with a VIOP data buffer pointer 126 pointing to the VIOP 

data buffer area 124, and an 1/0 word count 128 denoting the amount of 1/0 data 

10 be read from 1he target 1/0 device. Additionally, the VJOP library read routine 

112 initializes the VIOP .descriptor 122 with an 1/0 device address 130 locating 

the target 1/0 device where the 110 data are to be read, and an VIOP address 132 

locating the PIO unit 26 for performing the programmed r~ad I/Os. Next, at step 

204, the VIOP library read routine 112 allocates the PIO unit 26 and initializes 

the PIO unit 26 with the proper control information, such as the device address of 

the target 1/0 device. At step 206, the VIOP library read routine 112 starts VIOP 

by issuing a non-blocking PIO read 206. For the purpose of this application, a 

non-blocking read/write instruction is a read/write instruction where the processor 

does not wait for the completion oi the read/write operation initiated on behalf of 

the reatj/write instruction, before proceeding to execute other instructions. 

Then, at step 208, th~ PIO unit 26 makes an actual 1/0 access 

against the target 110 device and reads a predetermined quantity of data from the 

target 1/0 device. The PIO unit 26 repeats the access against the target 110 

device until the PIO data buffer 48 is iul! or the PIO unit 26 has r~ad all the data 

as instructed by the VIOP library read routine 112, step 210. If the PIO unit 26 

detects either one of these conditions, at step 212, the PfO unit 26 stops 

accessing the target 110 device, and generates a VfOP interrupt 37 instead. The 

VIOP interrupt 37 is delivered to the processor 11 through the system 

interconnect 15. The processor 11 stores the VfOP interrupt 37 in its Interrupt 

Receive Bufier 36. 
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Upon detecting the VIOP interrupt, the processor 11 transfers 

execution control to the VIOP interrupt handler 116. The VIOP interrupt handler 

116 upon given execution controi, obtains the VIOP descriptor address from the 

Interrupt Receive Buffer 36, step 214. Next, at step 216, the VIOP interrupt 

handler 116 loads tpe VIOP descriptor 122 into the dedicated 110 global 

registers 38. The VIOP interrupt handler 116 then moves the read data from the 

Interrupt Receive Buffer 36 to the dedicated 1/0 global registers 38, step 218, 

and then into the VIOP buffer 124, step 220. Upon moving the read data from 

the dedicated 110 global registers 38, the VIOP interrupt handler 116 updates 

and saves the VIOP descriptor 122, in particular, the VIOP data buffer pointer 

126, and the 110 word count 128 denoting the amount of 1/0 data remaining to be 

read 128, step 222. 

Next, for the illustrated embodiment, the VIOP interrupt handler 116 

determines if the 1/0 word count ; 28 has reached zero denoting completion of 

1he sequence of programmed read I/Os; step 224. ff 1/0 word count 128 is non­

zero, VIOP interrupt handler 116 automatically reinvokes 1he PIO unit 26 again 

by issuing a non-blocking PIO read 228, which in turn repeats steps 208 through 

212 as described earlier. Eventually, the VIOP _interrupt handler 116 will 

determine at step 224 that the J/O word count has reached zero. Then, the VIOP 

interrupt handler 116 transfers execution control to the VIOP library read routine 

112, which in tum performs a block move, moving the read data from the VIOP 

data buffer 124 to the application program's data transfer area 108, step 226. 

Alternatively, as will be appreciated by those skilled in the art, the 

present invention may be practiced with the VIOP interrupt handler 116 returning 
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to the VIOP library read routine 112 after step 222, and have the VIOP library 

read routine 112 be responsible for reinvoking the PIO unit 26 if the sequence of 

programmed read I/Os has not been completed. 

As illustrated in Figure 7, upon execution of a non-blocking write 

instruction 103 in ao application program 102, at step 242, the VIOP library write 

routine 114 allocates a VIOP descriptor 122 and a VJOP data buffer 124 in the 

system memory. In other words, the VIOP library write routine 112 initializes the 

VlOP descriptor 122 with a VIOP data buffer pointer 126 pointing to the VIOP 

data staging a(aa 124, and an 110 word count 128 denoting the amount of 1/0 

data to be written into the target 1/0 device. Additionally, the VIOP library write 

routine 112 initializes the VIOP descriptor 122 wtth·an J/O device address 130 

locating the target 110 del{ice where the 110 data are to be written, and an VIOP 

address 132 locating the PIO unit 26 for performing the programmed write 110. · 

·Next, at step 244, the VIOP library write routine 114 block moves 

the UO data from the application program's data transfer area 108 to the VIOP 

data buffer area 124. The VIOP library write routine 114 further loads portions of 

the write data from the VIOP data buffer area 124 into the dedicated 110 global 

registers 38, step 250. Then, the VIOP library write routine 114 allocates the 
. . 

PlO unit 26 and initializes the PIO unit 26 with the proper control information, 

such as the device address of the target 1/0 device, step 252. Upon allocating 

and initializing the PIO unit 26, the VIOP library write routine 114 moves the write 

data from the 1/0 glopal registers 38 to the PIO data buffers 48 by issuing a non­

blocking PIO write, step 254. 
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Then, at step 256, the PIO unit 26 makes an actual 1/0 access 

against the target 1/0 device and writes a predetermined quantity of data to the 

target 1/0 device. ·The PIO unit 26 repeats the access against the target 1/0 

device until the PIO d?ta buffer 48 is empty or the PIO unit 26 has written all the 

data as instructed by the VIOP library write routine 1i4, step 258. If the PIO unit 

26 detects either one of these conditions, at step 260, the PIO unit 26 stops 

accessing the target 1/0 device, and generates a VIOP interrupt 37 instead, step 

260. The VIOP interrupt 37 is delivered to the processor 11 through the system 

interconnect 15. Upon receiving the interrupt, the processor 11 stores the VIOP 

interrupt 37 in its Interrupt Receive Buffer 36. 

Upon detecting the VlOP interrupt 37, the processor 11 transfers 

execution control to the VlOP interrupt handler 116. The VIOP interrupt handler 

116 upon given execution control, obtains the VIOP descriptor address from. the 

inter-rupt Receive Buffer_ 36, step 262; Next, at step 264, the VIOP interrupt 

handler 116 loads the VIOP descriptor 122 into the dedicated 1/0 global 

registers 38. The VIOP interrupt handler 116 then updates.and saves the VIOP 

descriptor 122, in particular, the VIOP data staging area pointer 126, and the 1/0 

word coun1128 denoting the amount of 1/0 data remaining to be written, step 

266. 

Next, for the illustrated embodiment, the VIOP interrupt handler 116 

determines if the J/O word count 128 has reached zero, denoting the 

programmed write 1/0 has been completed, step 268. If the 1/0 word count 128 

has not reached zero, the VIOP interrupt handler 116 loads additional portions of 

write data into the 1/0 global registers 38, step 270, and then to the PIO data 

buffers 48 by issuing a non-blocking PIO write, step 272. Upon moving the write 
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data to the PIO data buffers 48, VIOP _interrupt handler 116 automatically 

reinvokes the PIO unit 26, which repeats steps 256 - 260 as described earlier. 

Eventually, the VIOP interrupt handler 116 will determine at step 268 that the 110 

word count 128 has reached zero. 

Altern~tively, as will be appreciated by those skilled in the art, the 

present invention may be practiced with the VIOP interrupt handler 116 returning 

to the VIOP library write routine 114 after step 266, and have the VIOP library 

write·routina 114 be responsible ior reinvoking the PIO unit 26 if the sequence of 

programmed write l/Os has not been completed. 

While the present invention has been described in terms of 

presently preferred and alternate embodiments, those skilled in the art will 

recognize that the invention is not limited to the embodiments described.· The 

method and apparatus of the present iryvention can be practiced with modification 

and alteration within the spirit and scope of the appended claims. The 

description is thus to be.regarded as illustrative instead of limiting on the present 

invention. 
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WHAT IS CLAIMED IS 

1. An apparatus comprising: 

(a) a programmable input/output (1/0) unit for accessing an 1/0 device; 

(b) an interrupt triggering mechanism tor 1riggering an interrupt to interrupt 

execution of a proce..ssor, said interrupt being asserted by said programmable 110 

unit at 1he end of an access of an 1/0 device; and 

(c) an interrupt handler executed by said processor and responsive to the 

assertion of said interrupt for performing control and data management functions 

for a sequence of programmed I/Os being performed by repetitively using said 

programmable 110 unit, said interrupt, and said interrupt handler. 

2. The apparatus as set forth in Claim 1, wherein said programmable 1/0 unit 

comprises: 

{a.1) a sequencer coupled to the interrupt triggering mechanism for 
. . 

executing predefined sequence of operations for accessing an 1/0 device, and 

asserting said interrupt at 1he end of an access of an 1/0 device; 

(a.2) a data buffer coupled to the sequencer, the 1/0 device and the 

interrupt triggering mechanism for buffering 1/0 data being transferred from and to 

an 1/0 device; 

(a.3) a plurality of registers coupled to a bus interface and said sequencer 

for storing control and status information for said programmable 1/0 uni1; and 

(a.4) non-blocking readfwrite control circuitry coupled to the sequencer 

and the 1/0 device for controlling data transfers between the data buffer and the 

1/0 device. 

REPLACED ' 1111111 llf llJ 11111 1111111 1111 
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3. The apparatus as set forth in Claim 1, wherein, 

said interrupt handler performs said control and data management function 

for a sequence of programmed I/Os using a data structure comprising a descriptor 

block and a data buff er; and 

said descriptor block comprises (c.1) a pointer pointing into said data 

buff er denoting where l/O data are to be read or written next. 

4. The apparatus as set forth in Claim 3, wherein said descriptor block further 

~omprises: 

(c.2) an 1/0 data word count denoting an amount of 1/0 data still to be read 

or written tor a sequence of programmed I/Os. 

5. The apparatus as set forth in Claim 4, wherein said descriptor block further 

comprises: 

(c.3) a first address locating the 110 devi~e; and 

(c.4) a second address for locating the programmed 1/0 unit. 

6. The apparatus as set forth in Claim 1, wherein said apparatus further 

comprises: 

(d) a plurality of dedicated· registers coupled to said programmable 110 unit 

for storing l/O data being transferred from or to an 1/0 device by said 

programmable 110 unit, and for storing control management data being operated 

on by said interrupt handler for a sequence of programmed I/Os. 

------------ - --------- ----- ---
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7. . The appara1us·.as set forth in Claim 1, wherein said apparatus further 

comprises: 

(d) a read rou1ine for performing a sequence of programmed I/Os for a read 

operation against an 1/0 device using said programmable 110 unit, interrupt, and 

interrupt handler; anp 

(e) a write routine for performing a sequence of programmed 1/0s for a 

write operation against an 1/0 device using said programmable 110 unit, interrupt, 

and interrupt handler. 

8. The apparatus as set forth in Claim 7, wherein said apparatus further 

comprises: 

(f) a non-blocking read operation for reading from an 1/0 device; and 

(g)·a non-blocking write operation for writing into an 1/0 device; 

wherein, said read and write routines, when 'invoked by an application 
. . 

program, use said non-blocking read and write operations to read from and write 

into an 110 device. 

9. The apparatus as set forth in Claim 1, wherein, 

said programmable 110 unit is disposed in an J/O controller; and 

said processor further comprises an integer execution unit for executing 

integer instructions, an integer register file coupled to said integer execution unit 

for storing integer execution results, and a plurality of con1rol and state registers 

for storing control and state information of said processor. 

10. The apparatus as set forth in Claim 9, w~erein, 

said processor is disposed in a computer system; and 

111111111111111111111111111111 
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said computer system further comprises a system interconnect coupled to 

said processor for transferring instructions and data, a system memory coupled to 

said system interconnect for storing instructions and data, a·nd an 1/0 device 

coupled to said system interconnect for providing 1/0 data to said processor. 

11. A computer i!:f1plemented method comprising the steps of: 

(a) accessing an 110 device by a programmable 1/0 unit for reading from or 

writing into said 1/0 device; 

· (b) interrupting execution of said processor by said programmable 1/0 unit 

at the end of an access against said 1/0 device using an interrupt triggering 

mechanism; and 

(c) responding to said interrupt by an interrupt handler executed by said 

processor to perform control and data management functions for a sequence of 

programmed I/Os being performed by repe~itively using said programmable 110 

unit, said interrupt, and said interrupt handler. 

12. The method as set forth in Claim 11, wherein said performance of control 

and data management functions by said interrupt handler in said step (c} 

comprises maintaining control data information in a data structure having a 

descriptor block and a data buffer, including maintaining a pointer in said 

descriptor block pointing into said data buffer denoting where l/O data are to be 

read or written next 

13. The method as set forth in Claim 12, wherein said maintenance of control 

data in1ormation in said data structure further includes 

maintaining an 1/0 data word count in said descriptor block denoting an 

amount of 1/0 data still to be read or written for a sequence of programmed I/Os, 

I lllllll llllll lllll lllll II llll 
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maintaining a first address locating the 1/0 device, and 

maintaining a second address locating 1he programmed 110 unit. 

14. The method as set forth in Claim 11, wherein said step _(a) further 

comprises invoking a read routine from an application program for performing a 

sequence oi progra~med I/Os against an 1/0 device using said programmable 1/0 

unit, interrupt, and interrupt handler. . 

15. ·The method as set forth in Claim 11, wherein said step (a) further 

comprises invoking a write routine from an application program for performing a 

sequence of programmed I/Os against an 110 device using said programmable 110 

unit, interrupt, an.d interrupt handler. 

16. A method for providing programmed input/output (1/0) capability to a 

computer system comprising the steps of: 

(a) providing a programmable input/output (1/0) unit to said computer 

system for accessing an 110 device of said computer system; 

(b) providing an interrupt triggering mechanism for triggering an interrupt to 

interrupt a processor of said computer system, said interrupt being asserted by 

said programmable 110 unit at the end of an access of the 1/0 device; and 

(c) providing an interrupt handler to be executed by said processor and 

responsive 10 the assertion of said interrupt for performing control and data 

management functions for a sequence of programmed I/Os being performed by 

repetitively using said programmable 1/0 unit, said interrupt, and said interrupt 

handler. 
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17. The method as set iorth in Claim 16, wherein said step (a) comprises the 

steps of: 

(a.1) providing a sequencer coupled to an interrupt triggering mechanism 

for executing predefined sequence of' operations for accessing an 110 device, and 

asserting an interrupt at the end of an access of 1he 1/0 device; 

(a.2) providing a data buffer coupled to the sequencer and the interrupt 

triggering mechanism for buffering 1/0 data being .transierred from and to the 1/0 

device; 

· (a.3) providing a plurality of registers coupled to a bus interface and said 

sequencer for storing control and status information for said programmable 1/0 

unit; and 

(a.4) providing non-blocking read/write circuitry coupled to the sequencer 

and the 1/0 device for controlling data transfers between the data buffer and the 

l/O device. 

18. The method as set forth in Claim 16, wherein said method further 

comprises the steps of: 

(d) providing a plurality of dedicated registers coupled to said 

programmable 1/0 unit for storing 110 data being transferred from or to an 110 

device by said programmable 110 unit, and for storing control management data 

being operated on by said interrupt handler for a sequence of programmed I/Os. 

19. The method as set forth in Claim 16, wherein said method further 

comprises the steps of: 

(d) providing a read routine for performing a sequence of programmed 

read l/Os against an l/O device using said programmable 1/0 unit, interrupt, and 

interrupt handler; and 
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(e) providing a write routine for performing a sequence of progr~mmed 

write I/Os against an 1/0 device using said programmable 1/0 unit, interrupt, and 

interrupt handler. 

20. The method as set forth in Claim 19, wherein said method further 

comprises the step~ of: 

(f) providing a non-blocking read operation for reading from an !10 device; 

and 

(g) providing a non-blocking write operation for writing into an 1/0 device; 

wherein, said read and write routines, when invoked by an application 

program, use said non-blocking read and write operations to read from and write 

into an l!O device. 
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