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_.'or controlling the flow of data to HOME n a qonputer bus, br eak-i n

“circuit for use with such an interface circuit, 1B5Dasonmuputpagechd Ibrpagen‘d .....
|ncorporat|n sych a break-in circuit . and to a g I4inE) SYphedm .13 to q.1%F
i ncor por at§ n89 Soﬂgh a conmputer adapter ‘card. A cc%ﬁ; eF S?:Ea&éﬂ v e ed glg
includes a plurality of controllers for transfer i 5? [;%53,- aﬁe =

system Each of these controllers is designed t{& g%’ﬁgtf ert pﬁ@ﬁda--1-r'| @Rﬁ‘ﬁ?‘hue---
way; for exanple, one controller may handle dire
operations, while another haoMHUEER IRIEBEAGEICERCHYE operations. To control the
flow of data, each of these controllers nust have access to certain "system
resources” within the system such as a particular bus or bus interface
circuit. Since sonme of these resources nust be shared by nore than one
controller, thﬁsoweaﬂoanselpeés‘edsm&duhyrmsrmmaatofoﬁ benteolitinglther s ar e,

flow of data to and from a computer bus, to a break-in circuit for use

with such an interface circuit, to a computer adapter card incorporating
such a break-in circuit and to a computer system incorporating such a

computer adapter card.

A computer system typically includes a plurality of controllers
for transfeffing data throughout the system. Each of these controllers
is designed to transfer data in a unique way; for example, one
controller may handle direct memory access (DMA) operations, while
another handles selected slave operations. To control the flow of data,
each of these controllers must have access to certain "system resources"
‘within the system, such as a particular bus or bus interface circuit.
Since some of these resources must be shared by more than one
controller, the operations performed by each one of the controllers are,
in most cases, mutually exclusive. Consequently, when two ;Qgtfollers
have data to transfer through the system at the same time, something -

must resolve the contention between the two controllers.

Since DMA operations typically transfer large amounts of data and
Anvolve use of the system resources for extended periods of time, the
DMA operation may be preempted to allow another controller temporary
~access :to the system resources. When the preempting controller
completes its data transfer operation, control of the resources is
returned to the DMA controller and, after re-establishing ownership:df
the system resources, DMA operations continue at the point they were
interrupted. The problem with this preemption scheme, however, is that
additional time is required by the DMA controller to re-establish its
control of the system resources after the preempting controller has
completed its operations. It would be desirable, however, if the
preemption could be "transparent” to the DMA such that when the

preempting controller has completed its operation, control is returned
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I r/ nost cases, nutual ly excl usive. Consequently, when two controllers have
data to transfer through the systemat the sane tine, sonething nust

resol ve the contention between the two controllers. Since DVA operations
typically 1%6 ag;jo% | arge anounts of daEa and invol ve use of the system

resour ces For cexténded periods of time,” the DVA operation may be preenpted

to all ow another controller tenporary access to the systemresources. Wen
the preenpting controller conpletes its data transfer operation, control of
the resources is returned to the DVA controller and, after re-establishing
‘owner ship of thhdlsyshemlles ahfcesontDidesopar BHA oprativat witheutithatdag poi nt

they were phtersuptadn oLAc sak wid h this preenption schene, however, is
t hat addi til:onal Cime | s reﬁu???g%ﬂf the DVA controller to re-establish its

control of the systemresources after the preenpting controller has
conpl eted .its Dpetairdans. witht a Wardtd afiRecdas tlablivsenbsngveiereids t he

preenpti Onp:&)g'leiecjl Q%;;LQ-QHS&%,?{? %oz:t gset Q?th%s%ugrﬁ 5&%5:1"‘@%91;50??%

means for controlling the transfer of data, and a bus interface
controller for transferring &ata to and from a computer bus, said first

- controller means having an output port for a first cbntrol signal, said
second.cqnfrolle; means having an output port for a second control
signal, said bus interface controller hawing an input port for said
-fi?st and second ééntrol signals, saié break-in circuit comprising means
féf“blocking said first control signal from said bus interface
controller in response to a request signal from from said second

controller means to transfer data.

Preferably, the break-in circuit is for use with a first and second
controller means which each additionally have an input port for a third-
control signal and a bus interface controller which additionally has an

-.output port for said third control signal, the break-in circuit
. ~additionally comprising means for blocking said third control signal.
from said first controller means in response to said request signal from

said second controller means to transfer data.

In accordance with a further aspect of the invention, there is
provided an interface circuit for controlling the flow of data to and -

from a computer bus, said interface circuit comprising:

a first controller means for controlling the transfer of data, said

fi;st controller means having an output port for a first control signal;

a second controller means for controlling the transfer of data,
said second controller means having an output port for a second control

signal;
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preenpting controll-er has conpleted its operation, control is returned

to the DVA controller which continues its DVA operation without having to
re-establish ownership resources. SUMWWARY OF THE INVENTION It is an object
~of the present invention to ameliorate one or nore disadvantages of the
prior art zofGG04@i Ng to one aspect of 4§he present invention there is
provided an interface circuit for controlling the flow of data to and from
a conputer bus, said interface circuit conprising in conbination: ‘a first
controll er neans for controlling the transfer of data, said first’
controll er neans having an output port for a first control signal and an

i nput port foe ‘P‘écé‘?t\FFgﬁjeacqﬂﬁm]detéﬁf rispusfegring dafaskr gnd LEoMtEY | er neans

for contr@bhjuter the, seaNsherinodrrdéd dontsoil ThrSROARE &ONpu6l gort geeans having
. arr out put rgggJQigé)gafk §g¥§%n§LdC§gusagﬂcontrol signals from said first and

second controller means; and

a break-in circuit for blocking said first control signal from said
bus interface controller in response to a request signal from said

second controller means to transfer data.

The invention also provides an interface circuit, for controlling .
the -flow of data to and. from a computer bus, said interface circuit

comprising in combination:

a first controller means for controlling the transfer of data, said

first controller means having an output port for a first control signal;

a second controller means for controlling the transfer of data,
said second controller means having an outbut port for a second control

signal;_

said first and second controller means each comprising an input

port for receiving a third control signal;

a bus intexrface controller for transferring data to and from said
computer bus, said bus interface controller having an input port for
.receiving said first and second control signals from said first and
second controller means and an output port for said third control

signal; and

a break-in circuit for blocking said first control signal from said
bus interface controller and for blocking said third control signal from
said first controller means in résponse to a request signal from said

second controller means to transfer data.

This Sheet Has Been Reﬂlaced
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siggnal and an input port for receiving said third control signal; a bus
interface controller for transferring data to and from said conmputer bus,
said bus interface controller having an input port for receiving said first
and second control signals fromsaid first and second controller neans, and

~an.output port for said third control signal; and break-in circuitry f or

bl ocki ng s@Fe-3re4k control signal fronﬁsald bus interface controller in
response to a request signal fromsaid second controller neans to transfer
data, and for blocking said third control signal fromsaid first controller
means in response to said . 3 request signal fromsaid second controller

means to transfigradatdnes dith E@aakfﬁﬁ:h& laSpdder ¥ Qﬁéﬂfih{r&itli&a tﬁk&bma rcuitry
having first, second and third stat said first state bein idle

‘state, sai ®°PYI9EE T GATPEIT SHAFIST BE n§°’o|“8‘élééld PBRRER; S bUs Ha Her¥ ace

controfler fibstshugl shid ddaptet eprd apupriioige circuit ry advanC| ng fromsaid
first to. . said second and then third

a second bus;
memory and a processor connected to said second bus;

a first controller means for controlling the transfer of data, said
first controller means having an output port for a first control signal,

and having an.inpuﬁ port for receiving a third control signal;

a second controller means for controlling the transfer of data,
said second controller means having an output port for a third control

signal, and an input port for receiving said third control signal;

a bus interface controller for transferring data to and from said
second bus, said bus interface controller having an output port for said
third control signal, and. an input port for receiving said first and

second control signals from said first and second controller means;

a break-in circuit for blocking said first control signal from said
bus interface controller, and/or for blocking said third control signal
from said first controller means, in response to a request signal from

said second controller means to transfer data; and

means for electrically connecting said adapter card to said first

bus.

The invention also provides a computer system including such an

adapter card.

The invention enables transparent preemption of DMA or other data

transfer operations.
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states in response to the pulsing of said third control signal. According
to anot her aspect of the present invention there is provided a conputer
adapter card, for use in a conmputer systemhaving a first bus, said adapter
card conprising in conbination: a second bus; nenory and a processor
connected to said second bus; a first controller means for controlling the
transfer @C9e8H-849 said first controlleb neans having an output port for a
first control signal, and having an input port for receiving a second
control signal; a second controller nmeans for controlling the transfer of
data, said second controIIeT means having an output port for a third

control sl gnaly, gidafflat MUl BLdselOlinl SEELY D30 Hod Geplharl f0] i gnal;

a bus |nterface cont t7ans erring data t rom said second
bus, sai d With Fefeeenrade %neqcemm@wwam?gnsm iputhpeh: port for said second
control signal, and an input port for receiving said first and third
control signal fronls st and second contr al l e and break-in
circuitry for FElgoc i né’a%fejﬁcg [{J‘afléstm 25t FOPUET aslte!f'ro?nlsaéll odSaBu interface -
cont r ol | ercirpuiteeypdarimst o bas meqtﬁést-nt@réﬁ?el C#rlcm‘ﬁ githgdatac brarséemtrol | er

neans to uﬁ@gﬁﬁﬁg dat a.

'Fig. 2 is a block diagram of a portion of the bus master interface

circuit;

Fig. 3 is a timing diagram illustrating the data transfer break-in

operation of the interface circuit;
Fig. 4 is a schematic diagram of the break-in circuit; and
Fig. 5 is a state diagram of the data transfer break-in operation.

Referring to Fig. 1, a computer adaptér card 102 is connected to
the system bus 104 of a computer system. System bus 104 is preferably a
well know Micro Channel (tm) bus, although other computer buses may
also be suitable. Adapter card 102 includes a local bus 106 to which a
local microprocessor 108 is connected. Local memory 120 is also
connected to the local bus 106, and is directly addressable by the
device currently in control of the local bus. A bus master interface
circuit 110, which is divided into two modules 112 and 114, coordinates
the transfer of data between system bus 104 and local bus 106. 1In
general, the second module 114 controls the transfer of data through the
first module 112.

Data and control signals are passed between the two modules on the
"Control” and "IC Bus" lines. The "REQB" line is set active by the
second module 114 when it requires control of the system bus 104 to
ltransfer data to or from the system bus. In response to this request, a
system bus arbitration circuit 115 in the first module 112 performs the

functions necessary to gain control of the system bus; and when
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According to still another aspect of the present invention there is
provided a break- in circuit, for use with first and second controller
means for controlling the transfer of data, and a bus interface controller
for transferring data to and froma conputer bus, said first controller
means having an output port for a first control signal and an input port
for a secog‘?_11 gﬁ signal, said second controller neans having an out put
port for control signal and aninput port for said second control
signal, said bus interface controller having an output port for said second
control signal and an input port for said first and third control signals,
said break-in circuit conprising in conbination: nmeans for bl ocking said
first contmadtesiigpnadf thosys@Emobususs "wdrel, f theefixentaodileesends aregpoivee to a

request si EIF'%N]CSEQHAISQQ& %@ctﬁ@dsee&rat E.f)duhgf Hfﬁgﬁlﬁgtﬁgtapﬁ glcdata; and

neans for “ocking said second control signa rom sai d rst controller
neans in r@%‘b’&ﬁé’éwtl&ss‘é‘i"&r‘i”eﬂﬁe‘g‘ﬁ FigPUSr om sai d second control I er neans -
to transfer data. DESCRI PTI ON OF THE PREFERRED ENBCDINENT(S)

Slmilarly, when the second module requires control of the local’
bus, it asserts HOLD active. In response to the HOLD request, the local
“microprocessor 108 will release control of the local bus and assert HLDA
(Hold Acknowledge) active. When HLDA is active, the second module 114
can assume control of the local bus. When the data transfer is
complete, the second module releases control of the local bus and sets

" HOLD inactive.

w: .. There are several "operations” for transferring data through the

system. These data transfer operations are described below:

1. LBSS (Local Bus Selected Slave) In the LBSS operation, the
interface circuit 110 is addressed as an I/0 slave on the local bus 106.
That is, the interface circuit includes noﬁ-illustratéd registers that
are directly addressable from the 1o§a1 bus by the device currently in

control of the local bus.

2. LB_DMAC (Local Bus Direct Memory Access Controller) The
interface circuit 110 is the master of the local bus 106 in this _
operation, and data is transferred between the local bus and the memory
array 116 of the interface circuit. The memory array is an array of
data buffers, e.g., 64 byte-wide registers, that are used in

transferring data during DMA (Direct Memory Access) operationms.

3. SB_DMAC (System Bus Direct Memory Access Controller) For this
operation, the interface circuit 110 is the master of the system bus

104, and data is transferred between the system bus and the memory array
116.

4. SBSS (System Bus Selected Slave) The interface circuit 110 is

addressed as an I/0 slave on the system bus 104 in this data transfer



BG9- 89- 049 S An enbodi ment of the present
invention is described hereinafter with reference to the acconpanying '
drawings in which: Fig. 1 is a block diagramof a conputer systemw th ar
adapter circuit enploying a bus master interface circuit with data transfer
break-in; Fig. 2 is a block diagramof a portion of the bus naster
interface circuit; Fig. 3is atimng diagramillustrating the data

transfer qk§ghﬁhﬂ;operation of the interface circuit; Fig. 4 is a'schematic
di agram of "the breeak-in circuit; and g. 5is a state diagramof the data

transfer break-in operation..

operation. In other words, the interface circuit 110 includes
non-illustrated registers that are directly addressable from the system

bus by the device curréntly in control of the system bus.

5. SEHS (System Bus Memory Slave) In this data transfer
operation, memory 120 on the local bus 106 is addressable from the
sjstem bus 104 as a memory slave. That is, when the master of the
system bus asserts a particular address .on the system bus, a

. corresponding memory address on the local bus 106 is accessed, such that
data is tranéfefred between ﬁemory on the local bus and the system bus.
Or, in other words, local bus memory 120 is mapped onto system bus 104

in this operation.

6. DMAP (Direct Memory Access Port) For this operation, the
interface circuit 110 is master of the system bus 104, and data
transfers occur between data registers 118 and the system bus. Data
registers 118 are directly accessible from the local bus 106 as I/0

"slaves..

In Fig. 2, a block diagram of the portion of the interface circuit
that contains the break-in circuitry is illustrated. Referring to this
figure, the interface circuit 110 includes a Direct Memory Access
Controller (DMAC) 202 that controls both the SB_DMAC and LB_DMAC
operations described above. In addition, this portion of the interface
circuit also includes a Direct Meﬁory.Accéss'Porf (DMAP) édntrdller 204

" and a SYStem Bus Selected Slave (SBSS) 206 controller. The SBSS
éontroller=also contro¥$:SBMS“operations as well. The design of these
controllers, as well as the design of arbiter 208 and local bus
interface circuit 212 described below, are well know in the art. Their
operation, however; is described in some detail below so that the reader
can understand the interconnection to, and operatioﬁ of the break-in
1ogic 210. .

When any one of the three controllers, DMAC 202, DMAP 204 or SBSS

206 has a data transfer operation to perform, it must first request
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Referring to Fig. 1, a conputer adapter card 102 is connected to the system
bus 104 of a conputer system Systembus 104 is preferably a well know

M cro Channel (tm bus, although ot'her conputer buses nay al so be suitable.
Adapter card 102 includes a |local bus 106 to which a |ocal mnicroprocessor
108 is connected. Local nenory 120 is al so connected to the |ocal bus 106,
and is directly addressable by the device currently in control of the | ocal

‘bus. A bus BEB=%P4Y nterface circuit 110° which is divided into two nodul es
=112 and 114, coordinates the transfer of data between system bus 104 and

| ocal bus 106. In general, ‘the second nodule 114 controls the transfer of
data through the first nodule 112. Data -and control signals are passed

bet ween t he hiQ1NDHuhe SpPiopk e’ SRBEK QbsoudBék tb GebitSnind iifcthey Td1@ " REQB"
line is set acfiye b bﬁe $ cond qnd le 114 when it reeiieg control of the
syst em bus apgiLabls 1 ¢ e o g%\steac?’brﬁﬁeﬁ ﬁs-t%é'e%uﬁ%em 0" Tiney ésponse to
t hi s requesis, cannected to an internal arbiter 208, and which is set active when
. the  controller has an operation to perform. Specifically, DMAC

controller 202 sets LB_DMAC_REQ active when there is a local bus DMAC

operation pending; DMAP 204 sets DMAP_REQ active when there is a DMA

Port operation pending; “and SBSS sets SBSS_REQ active when there is a

system bus selected slave operation pending, and MS_REQ active when

there is a system busfmemory slave operation pending. If there is moré

than one request pending, the internal arbiter 208 determines which

request should be granted first, based on a predetermined priority

scheﬁe. The internal arbiter 208 then issues a WON' signal to the

particular controller that "won" the arbitration. For example, if the

request was granted to the SBSS, SBSS_WON' would be set active. When a

controller has "won", it takes control of its corresponding shared-

resources (buses, bus interface circuits, etc.) and initiates a data

transfer.

But, if a DMAC operatioﬁ is currently.being exeéuted on the local
bus, and a request is asserted for either a DMAP operation‘(DMAP;gEQ), -
an SBSS operation (SBSS_REQ) or an SBMS operation (MS_REQ), these
operations may “"break-in" to the current DMAC operation, thereby
temporarily suspending the DMAC operation. This is accomplished by the
break-in legic 210. .

Referring to Fig. 2, and to the timing diagram of Fig. 3, the DMAC
first requests a local bus DMAC operation by asserting LB_DMAC_REQ
‘._active. In response to this request, the internal arbiter 208 sends an
active HOLD request to the local micrbprocessor_108;'which in turn
responds with a HOLDA signal when it releases control of the local bus
106. In response to the release of the local bus, the internal arbiter
sets LB_DMAC_WON active to indicate to the DMAG that it may begin a data

transfer operation.
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system bus arbitration circuit 115 in the first nodule 112 performns the
functions necessary to gain control of the system bus; and when -

BC9- 89- 049 _ ' 6 mastership of the systembus is
"won", the first nodul e sends an active SB WON signal back to the second
nodul e, indicating that the second nodul e now has control of the system
bus. Sim Il gghyeg-gften the second nodul e yequires control of the |ocal bus,
it asserts HOLD active. In response to the HOLD request, the | ocal

m croprocessor 108 will release control of the local bus and assert HLDA
(Hol d Acknow edge) active. \Wen HLDA is active, the second nodul e 114 can
assune control of the |ocal bus. When the data transfer is conplete, the
second nodul e Telrexfem & PHEE perdftitmen| thealocalisbuandthe EMAC controller

202 first asserts the local bus cycle start or LB_CYC_START line active.
If there are no'éufrenﬁ'break-in operations, the BLOCK_START line from
the break-in logic 210 is set 1ow'and, consequently, the active
LB_CYC_START signal from DMAC 202 is coupied through AND gate 214 and OR
gate 216 to a local bus interface controller 212. The local bus
interface controller then begins the DMAC data transfer operaéion on the
local bus and, in response, pulses a local bus cycle acknowledge or
LB_CYC_ACK line. When no break-in operations are current, the BLOCK_ACK
output from the break-in logic 210 is set low and, consequently, the .
LB_CYC_ACK éignal is coupled back to the DMAC through AND gate 218.

This completes the handshake between the DMAC 202 and the local bus
interface circuit 212, and allows the DMAC data transfer to continue.

It should Be noted that the cycle start line LB_CYC_START from the DMAC
remains active as long as the DMAC has data transfers to perform and as
long as the LB_DMAC_WON signal is active. Similarly, the local bus
interface circuit 212 will pulse the cycle acknowledge signal LB_CYC_ACK

once for every data transfer that it perfofms on the-local bus.

If, for example, the SBSS controller 206 now needs control of the
system resources of the interface circuit to perform a memory slave
operation (SBMS), it asserts the SBMS_REQ line active. Since the
"internal arbiter has already granted control of the intérnal resources
"to the DMAC controller by asserting LB_DMAC_WON, it canﬁét respond to
the request from the SBSS controller until the DMAC operation is
complete. But, the active SBMS_REQ is also coupled to the break-in
logic 210, which can and does respond to the request by setting _
BI_SBMS_WON active. This active BI_SBMS_WON signal is then coupled to
the SBSS controller, which begins the requested memory slave operation,
But first, the break-in logic asserts the BLOCK_START line high, which
"blocks" or inhibits the LB_CYC_START signal at AND gate 214 and
prevents it from reaching the local bus interface circuit 212. After
blocking the cycle start signal, the break-in logic sets BLOCK_ACK
active, which blocks the cycle acknowledge signal IB_CYC_ACK from
reaching the DMAC controller 202. Consequently, it appears to the bMAQ
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HGLD i nactive. There are several "operations" for. transferring data through
the system These data transfer operations are described. bel ow. _1. LBSS
(Local Bus Sel ected Slave) In the LBSS operation, the interface circuit 110
i s addressed as an /O slave on the |ocal bus 106. That is, the interface
circuit includes non-illustrated registers that are directly addressable
fromthe | ocal -bus by the device currently in control of the |ocal bus. 2.
LB_DVAC (lpoge89-Bes Direct Menory Acced® Controller) The interface circuit
110 is the master of the local bus 106 in thi's~operation; and data is
transferred between the |l ocal bus and the nenory array 116 of the interface
circuit. The menory array is an array of data buffers, e.g., 64 byte-w de

201 Sters. chBatigl el delly] HADSLRELLNG: YRl doCUll bl c&\é%oifarr@pzt Menor y
Access) oper rons. 3. tem Bus Direct (y ccess Cbntroller)
For this and that the 1oca1 bus 1nterface is simply slow in respon ing to its

request. However, the SBSS controller actually has temporary control of

the local bus interface circuit 212.

When the SBSS controller has completed its data transfers, it sets
the SBMS_REQ line inactive and, in response, the break-in logic sets
both blocking signals inactiﬁé, thereby ﬁnblocking the cycle start and
cycle acknowledge signals, and returning control of the resources to the

DMAC controller.

Fig. &4 is a schematic diagram of break-in logic 210, and Fig. 5 is
a state diagfém of the operation of the break-in logic. Referring to
these figures, the break-in logic has four (4) states, labeled SO, Si,
S2 and S3 in Fig. 5. These four states correspond to the following
states of asynchronous SR latches SR1 t402), SR2 (404) and SR3 (406) of

Fig. &4:
SR1 SR2 SR3
SO0  RESET RESET RESET
51 SET RESET RESET
S2 SET - SET - RESET
53 SET SET SET

When a local bus DMAC operation is underway such tha@ LB_DMAG_WON
is active, the break-in circuit is waiting in state SO for a break-in
request BI_REQ to occur. BI_REQ will be asserted active through OR gate
408 and AND éate 410 in response to a system bus memory slave operation
request (SBMS_REQ), a system bus selected slave operation request
(SBSS_REQ), or a direct memory access port operation request (DMAP_REQ)
in which SB_WON has been asserted active. When break-in request
(BI_REQ) is active, SRl is set throughlAND gate 412 at the next cycle
acknowledge pulse from the local bus interface circuit 212. And, when
the cycle acknowledge pulse goes low, the circuit enters the S2 state

when latch SR2 is set through AND gate 414. 1In the S2 state, the
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operation, the interface circuit 110 is the master of the system bus 104,
and data is transferred between the systembus and the nenory array 116. 4.
SBSS (System Bus Sel ected Sl ave). The interface circuit 110 is addressed as

an I/ O slave on the systembus 104-in this data transfer BC9- 89- 049
7 operation. In other words, the interface circuit 110 incl udes
non-illustrated registers that are directly addressable fromthe system bus

by the device currently in control of the systembus. 5. SBM5S (System Bus
Merory Sl a®¥€3-8Pi%4°hi s data transfer op¥ration, memory 120 on the |ocal bus
106 is addressable fromthe.system bus 104 as a nenory slave. That is, when
t he nmaster of the : '

BLOCK_START signal is asserted active. When LB_BUSY goes low, the
circuit enters the third state wherein latch SR3 is set through AND gate
416, LB_BUSY is a sigﬁal from the local bus interface circuit that
simply indicates that the local bus interface circuit is busy completing
its current éperation. In state S3, the corresponding break-in won .
signal is set active through AND gate 418, 420 or 422. As shown in Fig.
2, the won signal, BI_DMAP_WON, BI_SBSS_WON or BI_SBMS_WON, enables the
corresponding controller 202, 204 or 206 through one of the OR gates
220, 222 or 224, which then performs its dﬁta transfer. When the
coﬁfﬁoller removes the active request signal (SBMS_REQ, SBSS_REQ or
DMAP_REQ), latches SR1, SR2 and SR3 are reset through inverter 424,
thereby completing the break-in operation and returning control to the
DMAC.

There has been described, an interface circuit for controlling the
flow of data between first and second computer buses. The interface
circuit includes a first controller means for controlling the transfer
of data. The first controller has an outpﬁt port for a first control
signal and an input port for receiving a second control signal. A--.
second controller means is also included. The second controller has an
output port for a third control signal and an input port for receiving
the second control signal. A bus interface controller for transferring
data to and from the first bus has an output port for the second control
signal and an input port for receiving the first and third control
signals from the first and second controller means. Break-in circuitry
is included for blocking the first control signal from the bus interface
controller in response to a request signal from the second controller to

transfer data.

There has also been described, a computer adapter card for use in a
computer system having a first bus. The adapter card includes a second
bus, as well as memory and a processor connected to the second bus.
Included on the adapter card are first and second controller means for
controiling the transfer of data.  The first controller has an output

port for .a first control signal, and an input port for receiving a third
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system bus asserts a particular address on the system bus, a correspondi ng
menory address on the local bus 106 is accessed, such that data is
transferred between nenory on the | ocal bus and the systembus. O, in

ot her words, l|ocal bus nenory 120 i's mapped onto system bus 104 in this

- operation. 6. DVAP (Direct Menory Access Port) For this operation, the

interface circuit 110 is master of the system bus 104, and data transfers
occur between data registers 118 and the system bus. Data registers 118 are
directly ack@s&19#2 fromthe |ocal bus 1406 as 1/0 sl aves. In Fig. 2, a

bl ock diagramof the portion of the interface circuit that contains the
break-in circuitry is illustrated. Referring to this figure, the interface
circuit 110 includes a Direct Menory Access Controller (DVAC) 202 that

control s botlyctdre sSBaDVAGh& Rdcdad {0 10REMAE | ANGutPEE Polkrbadr abe¥dndl N

addi tion, tpgn?:rglog&gin%g.', C)al;ldtal;]leirixp?x egol;g Cf%r receiving the third control
signal. Also included is a bus interface controller for transferring
data to and from the first bus. The bus interface controller has an
output port for the third control signal, and an input port for
receiving the first and second control signals from the first and second
controllers. Break-in circuitry is included for blocking the first

. control signal from the bus interface controller in response to a

request from the second controller to transfer data. Also included is

means for connecting the adapter card to the first bus.

There has also been described a break-in circuit, for use with
first and second controller means for transferring data, and a bgs
interface controller for transferring data to and from a computer.ﬁus.
The first controller has an output port for a first control signal and
an input port for a third contxol signal. The second controller has an
output port for a second control signal and an input port for the third
control signal. The bus interface controller has an output ﬂbrt for the
third control signal and an input port for the first and second control
signals.” The break-in circuit includes means for blbcking the first
control signal from the bus interface controller in response to a
request signal from the second controller to transfer data. The
break-in circuit also includes a means for blocking the third control
signal from the first controller in response to the request signal from

the second controller



circuit also includes a Direct Menory Access Port (DVAP) controller 204 and
a System Bus Sel ected Slave (SBSS) 206 controller. The SBSS controller

al so controls SBMS operations as well. The design of these co , as
wel | as the design of arbiter 208 and | ocal bus int erlﬂ ﬂ“‘!ﬂlﬂ“ﬂ#ﬂ“‘
descri bed bel ow, are well know in the art. Their oper atthissn, , WS
described | n sonegdetail below so that ,the reader can understand the

i nt er conneti8n to, and operation of tlhe break-in logic 210. When any one
-of the three controllers, DVAC 202, DVAP 204 or SBSS 206 has a data

transfer operation to perform it nust first request BC9- 89- 049
‘8 control of the appropriate systemresources to determne if they are

CLAIMS

1. A break-in circuit, foiﬁhééﬂwithﬁfifét462025'and”Séédnd-(206)
controller means for controlling the transfer of data, and a bus
interface’ controller (212) for transferring data to and from a computer
bus, said first controller means (202) having an output port for a first
control signal (DMAC_ILB_CYC_START), said second controller means (206)
having an output port for a second control signal (SBMS_LB_CYC_START),
said bus interface controller (212) having an input port for said first
and second control signals, said break-in circuit comprising means (210,
214) for blocking said first control signal (DMAC_LB_CYC_START) from
said bus interface controller (212) in response to a request signal
(SBSS_REQ;SB_MS_REQ) from said second controller means to transfer data.

2. A break-in circuit as claimed in Claim 1, further comprising:

logic circuitry having first and second states, said first state
being an idle state, said second control signal being blocked from said

first controller means in said second state.

3. A break-in circuit as claimed in Claim 1 or Claim 2 for use with
first and second controller means which each additionally have an input
port for a third control signal (LB_CYC_ACK) and a bus interface
controller which additionally has an output port for said third control
signal, the break-in circuit additionally comprising means for blocking
said third control signal from said first controller means in response
to said request signal from said second controller meaﬁs to transfer
data.

£ ) - - -
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avai | abl e. Each of these controllers has a request or : I I ne, whi ch [
connected to an internal arbiter 208, and which is set
control ler has an operation to perform Specifically, e

r
sets LB DMAC REQ active when there is a |local bus DVAC ep I ;
DVAP 204 set $cdWOEaBEQ active when thered s a DVA Port operatlon ”g

and SBSS sets SBSSREQ active when there is a systembus sel ected sl ave
operation pending, and M5 _REQ active when there is a system bus nenory

sl ave operation pending. If there is nore than one request pending, the
internal arbiter 208 determ.nes which request should be granted first,
based on a pkedefemepkdd Pirrwty ey cdeinefeln Fhadmi tt Epvhper é‘PB?rtlé+ng208 t hen

i ssues a WON' signal to the particular controller that "won" the
arbitration. For ,exa S t h SS_VON
woul d be set act |1v% %culérgc%aﬁg?%??&% %]n&"@éco%as'%%& 91};8?15%%% r§nTr§§ its
cor r espondi nglM&r*@dngé’ée?}ﬁeée%mf‘tﬁi‘éésbusb’t]‘§e¥§?t:%r0fla%1§tc+ff @it §irsétc.) and

| n|t| ates .a g@iﬁ% and said third control signal being blocked from first controller

means in said second state.

5. "A break-in circuit as claimed in Claim 3, further comprising:

. logic circuitry having first, second and third states, said first
state being an idle state, said first control signal being blocked from
: sgid bus interface controller in said third state, said logic circuitry
-advancing from said first to said second and then third states in

response to the pulsing of said third control signal.

6:_ A break-in circuit as claimed in Claim 4, further comprising:

légic circuitry having first; second, third and fourth.étates,
sald first state being an idle state, said first control signal being
blocked from said bus interface circuit in said third state, and said
third control signal being blocked from first controller means in said
fourth state, said logic circuitry advancing from éaid first to said
second and then third states in response to the pulsing of said third -

control signal.
7. A interface circuit, for controlling the flow of data to and from
a computer bus, said interface circuit comprising:

a first controller means for controlling the transfer of data, said

first controller means having an output port for a first control signal;

This Sheet Has Been Replaced

(WAOw




transfer. But, if a DVMAC operation is currently being executed on the | ocal

bus, and a request is asserted for either a DVAP oper ationm (DMAP_REQ—an

- SBSS operation (SBSSREQ or an SBMS operation ( MSREQ), may
"break-in" to the current DVAC operation, thereby terrpo:mﬂmuﬂgm’@mmrﬂ"

t he DVAC operation. This is acconplished by the break-in*l ogict

Referring topdd-89-%9 and to the tim ng diSagram of Fig. 3, the DVAC first
requests a local bus DVAC operation by asserting LBDMAC REQ active. In

response to this request, thé internal arbiter 208 sends an active HOLD
request to the local mcroprocessor 108, which in turn responds with a

HOLDA s gnal whep JolalieLGR36R o AULEOIrof okl AR LL D YPark30: okruacg%%onse to

the rel ease of t oca nt er na ter sets active
to indicate s®id wom@m&%er. wemthyegs ﬁnam’&a'ffapt’?‘éﬁg?é‘rs‘?fﬁéﬁi e?f”i“iﬁ‘?

signal;

a bus ‘interface controller for transferring data to and from said
computer bus, said bus interface controller having an input port for
receiving said first and second control signals from said first and

second controller means; and

a break-in circuit as claimed in Claim 1 or Claim 2 for blocking
said first control signal from said bus interface controller in response

to a request signal from said second controller means to transfer data.

8. An interface circuit, for controlling the flow of daté to .and from

a computer bus, said interface circuit comprising:

a first controller means for controlling the transfer of data, said

first controller means having an output port'fér a first control signal;

a second controller means for controlling the transfer of data,
said second controller means having an output port for a second control

signal;

said f1rst and second controller means each comprising an input

port for rece1v1ng a third control signal;

a bus interface controller for transferring data to.and from said
computer 5us,.said bus interface controller having an input port for
receiving said first and second control signals from said first and
_second controller means and an output port for said third control

signal; and

a break-in circuit as claimed in any one of Claims 3 to 6 for

blocking said first control signal from said bus interface controller

This Sheet Has
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BC9- 89- 049 ' 9 To performa DVMAC operation on the

| ocal bus, the DMAC controller 202 first asserts the_local bus cycle start ,
or LBCYCSTART line active. If there are no current break-l n operations, the
BLOCK _START line fromthe break-in logic 210 is set mmm-li' ll;ly,

the active LB _CYC START signal from DVAC 202 is coupl
214 and OR gat.e 216 to a local bus interface controller 12. " Tht Iocal bus
i nterface coggored-bes then begins the DVAE data transfer operatlon on the

| ocal bus and, in response, pulses a local bus cycle acknow edge or

LBCYC ACK line. Wen no break-in operations are current, the BLOCK ACK
output fromthe break-in logic 210 is set .l ow and, consequen.tly, t he

LB _CYC_ACK si %nal Lfocﬁ gpI ed back to the ?ftrhr'ou%l rst ate 218.

for said third control signa om sa ontroller

means Iin response to a request signal from said second controller means

to transfer data.

9. A computer adapter card, for use in a computer system haviﬁg“a"" s

first bus, said adapter card comprising:
a second bus;
memory and a processor connected to said second bus;

a First controller means for controlling the transfer of data, said
first controller means having an output port for a first control signal,

and having an input port for receiving a third control signal;

a second controller means for controlling the transfer of data,
said second controller means having an outﬁut port for a third control

signal, and an input port for receiving said third control signal;

a8 bus interface controller for transferring data to and from said
second bus, said bus interface controller having an output port. for said
third control signal, and an input port for receiving said first and:

second control signals from said first and second controller means;

a break-in circuit as claimed in any one of Claims 1 to 6 for
blocking said first control signal from said bus interface controller,-
and/or for Bldcking said-third control signal from said first controller
means in response to a request signal from said second controller means

to transfer data; and

means for electrically connecting said adapter card to said first

bus.
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Thi s conpl etes the handshake between the DVAC 202 and IMLI\

interface circuit 212, and allows the DVAC data transfem tinue:

* should be noted that the cycle start |ine LBCYCSTART fr ”# [ NS
active as long as the DMAC has data transfers to perfornfand @”t he
LB _DMAC WON signal is active. Simlarly, the local bus interface®cifc
212 will pul se the cycle acknowl.edge signal LBCYCACK once for every data
transfer that it perforns on the local bus. If, for exanple, the SBSS
control |l er 20@gcoresvroageds control of the gystemresources of the interface
circuit to performa nenory slave operation (SBVS), it asserts the SBVS_REQ
line active. Since the internal arbiter has already granted control of the
internal resources to the DMAC controller by asserting LB DMAC WON, it

cannot respond to,the request fromthe SBSS contrqller until the AC
operation is {Hnpf SPEPULE t‘“‘,ysf%“%{‘&’fﬁ/‘é‘g%ﬁ%"_ﬁﬂ%ﬁ i apatle§o°a(’5%)LF5I ‘éﬂ“f’g\/‘tﬁﬂe '
break-in | ogi c1&4®. whi ch can and does respond to the request by setting.

I e
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Bl _SBM5 WON active. This active Bl _SBMS WON signal is then coupled to the
*SBSS control |l er, which begins the requested nenory slave operation. But
first, the br eak-i n | ogi ¢ asserts the BLOCK_START |ine high, which "bl ocks"
or inhibits the LBCYC START signal at AND gate 214 and prevents it from
reaching the local bus interface circuit 212. After bl ocking the cycle
start signal, the break-in logic sets BLOCKACK active, which blocks the
cycle acknomﬁedge si gnal LBCYCACK from reaching the DVAC control [ er 202.
Consequent | y,869t8%pBptars to the DVAC B¥9- 89- 049

10 controller that it still has control of the |ocal bus controller 212,
and that the local bus interface is sinply slowin responding to its
request. However, the SBSS controller actually has tenporary control of

ABSTRACT

COMPUTER INTERFACE CIRCUIT

A plurality of specialized controllers, e.g. 202, 204 &.206, each
one adapted to control a particular type of data transfer operation,
control the flow of data between a system bus 104 and a local bus 106 on
a computer adapter'card 102. When the Direct Memory Access DMA
controller 202 is controlling a DMA operation on the local bus, certaln
other controllers 204 & 206 can break-in to the current DMA operatiom,
temporarily halting the DMA operation until the other controller has
completed its data transfer operation. To break-in to a DMA operation,
handshaking signals between the DMA controller and the local bus )
interface circuit 212 are témporarily blocked by blocking signals from a
break ~-in logic c1rcu1t 210 . The break-in circuit includes a four:state
state machlne to. block the handshaklng 51gnals at the ‘appropriate times,
and to signal the interrupting controller to begin its data transfer
operation. When breaking-in to a DMA operation in this manner, the
operation of the DMA controller is not altered; instead, to the DMA
controller, it appears that the local bus interface circuit is merely

slow to respond with its acknowledge handshake.
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Jy,wée | ocal bus interface circuit 212. Wen the SBSS control |l er has conpl eted

V'i'ts data transfers, it sets the SBMS REQ |ine inactive and, in response,

~ the break-in logic sets both blocking signals inactive, thereby unbl ocking
the cycle start and cycl e acknow edge signals, and returning control of the
resources to the DVAC controller. Fig. 4 is a schematic di agram of break-in
| ogic 210, and Fig. 5 is a state diagram of. the operation of the break-in
|l ogic. Referring to these figures, the break-in logic has four (4) states,
| abel ed SO, S1, S2 and S3 in Fig. 5. Thes?/gour states correspond to the
foll ow ng states of asynchronous SR | atches "SRl (402), SR2 (404) and SR3
(406) of Fig. 4: SR1 SR2 SR3 SO RESET RESET RESET

S1 SET RESET RESET

FIG. 1
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S2 "SET SET RESET S3 SET SET SET When a | ocal
bus DVAC operation is underway such that LBDMACWON is active, the break-i.n

circuit is waiting in state SO for a break-in request BIREQ to occur.

Bl REQwi Il be asserted active through OR gate 408 and AND gate 410 in
response to a system bus nenory sl ave operation request (SBVSREQ, a system
bus sel ected sl ave operation request (SBSS REQ, or a direct nenory access
port operation request (DVAP REQ in whi ch SB WON has been asserted active.

When break-in request (BIREQ is active, c?c) set through. AND gate 412 at
t he next cycle acknow edge pulse fromthe | bus interface circuit 212.

And, when the cycl e acknow edge pul se goes low, the circuit enters the S2

state when latch SR2 is set through AND gate 414. In the S2 state, the
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~ BC9-89-049 11 BLOCK _START signal is asserted

~ active. Wen LBBUSY goes low, the circuit enters the third state wherein
|l atch SR3 is set through AND gate 416. LBBUSY is a signal fromthe |ocal -
bus i.nterface circuit that sinply indicates that the |ocal bus interface
circuit is busy conpleting its current operation. In state S3, the
correspondi ng break-in won signal is set active through AND gate 418, 420
or 422. As shown in Fig. 2, the won signal, Bl _DVAP_WON, BI SBSS WON or
Bl _SBM5 WON, enabl es the corresponding controller 202, 204 or 206 through
one of the OR gates 220, 222 or 224, which then perforns its data transfer.
When the controller renpoves the active reqygst signal (SBVS_REQ SBSS REQ
or DMAP_REQ, latches SR1, SR2 and SR3 are reset through inverter 424,
t hereby conpleting the break-in operation and'returning control to the

DIVAC.
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~ There has been described, an interface circuit for controlling the flow of

v data between first and second conputer buses. The interface circuit
includes a first controller neans for controlling the transfer of data. The
first controller has an output port for a first control signal and an input

. port for receiving a second control signal. A second controller nmeans is
al so included. - The second controller has an output port for a third control
signal and an input port for receiving the second control signal. "A bus
interface controller for transferring data to and fromthe first bus has an
out put port for the second control signal and an input port for receiving
the first and third control signallsf$romthe first and second controller
means. Break-in circuitry is included for blocking the first control signal
fromthe bus .interface controller in response to a request signal fromthe
second controlger o tBnsfer data. There has also been described, a

conput er adapt|r c&rd pr use in a —
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\
Mcorrputer system having a first bus. The adapter card includes a second bus,

as well as nenory and a processor connected to the second bus. I|ncluded on
the adapter card are first and second controller means for controlling the
transfer of data.: The first controller has an output port for a first
control signal, and an input port for receiving a third BCO- 89- 049

12 control signal. The second controller has an output port for a second
control signal, and an input port for receiving the third control 'signal.

Al 'so included is a bus interface controller for transferring data to and
fromthe first bus. The bus.interface controller has an output port for the
third control signal, and an inpu5/§brt for receiving the first and second
control signals fromthe first and second :

FIG 5
{(B_DMAC_WON » BI_REQ » LB_CYCLE_ACK) LB_CYCLE_ACK
“ " LB_DMAC_WON » BI_REQ »
LB_CYCLE_ ACK
St
BI_REQ - [B_CYCLE_ACK
B %
[B_BUSY
BI_REQ o LB_BUSY

BI_REQ = SBSS_REQ + SBMS_REQ + (DMAP_REQ  WON)

. LB_CYCLE_START IS BLOCKED DURING S2 & S3
LB_CYCLE_ACK IS BLOCKED DURING S3
THE ACTIVE BREAK-IN REQUEST IS GRANTED A "WON" DURING S3 :

SBSS_WON = SBSS_WON' + (S3 » SBSS_REQ)
SBMS_WON = SBMS_WON' + (S3 » SBMS_REQ)
DMAP_WON = DMAP_WON' + (S3 + DMAP_REQ * WON)
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cont r gprHters—Break—+R—ei+et-try—s—i ncl cont r ol

si gna frmERmmEDSSHE@rgacesgontroller' res ras fgjg Jr(mthe
secong ‘controller to transfer data. Also%% c(l) """ [ec 'ﬁ.ﬁe(ting
e
C

"t he ag¢lbbPescripgian ¢ pagedt.He..fto pegedolts... [Ther I@? bé’é‘n ggupée ggbreak-in
ci r cuf [0 clhiens)us e pagedh. T.1.1t6 fpageaid. . Sedond IBVING(S) 1R aes 'LEr i ng
dat a, wa@,nggfmggq gr_f:a_g_q %%Pgdlrol—ler fof M AhsERty 1 i :PgSehd R R Pagsh -+ r(Lm a

conpulf 'gf” |ha8 pn out put port for r cont rol
si gna foi nﬂﬁﬂe port ?Bﬁgeé’ tidrirld coht DATESOFnRECEIRE:. g.e.é%adlgg%nt qol l er ..

has af<ot pm port—for—= secomd—eutit rol Srgnal and an | nput port for the
third control signal. The bus interface controller has an output port for
the third control signal and an input port for the first and second control
signals. The break-in cig ch; bl ocking the first control
signal fromthe bus int e@éﬁ@]@ﬁt& ﬁ‘frA(Sﬁ [Bg%gﬁse to a request signal

fromthe second controller to transfer data. The

ABSTRACT

A plurality of specialized controllers, e.g. (202, 204 and 206), each one adapted

to control a particular type of data transfer operation, control the flow of data between a
system bus (104) and a local bus (106) on a computer adapter card (102). When the
Direct Memory Access DMA controller (202) is controlling a DMA operatioh on the
local bus, certain other controllers (204 and 206) can break-in to the current DMA
operation, temporarily halting the DMA operation until the other controller has
completed its data transfer operation. To break-in to a DMA operation, handshaking
signals between the DMA controller and the local bus interface circuit (212) are
temporarily blocked by blocking signals from a preak—in logic circuit (210). The break-
in circuit includes a four-state state machine to block the handshaking signals at the.
appropriate times, and to signal the iﬁterrupting controller to begin its data transfer

operation.

FIG. 2

-
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“break-in circuit also includes a neans for blocking the third control

signal froamthe first controller .in response to the request signal fromthe
_second *control | er 13 CLAI M5 1. An interface circuit for controlling
"the flow of data to and froma conputer bus, said interface circuit
conprising in conbination: a first controller nmeans for controlling the
transfer of data, said first controller nmeans having an output port for a
first control signal and an input port for receiving a third control

signal; a-second controller means for controlling the transfer of data,
sai d second controller nmeans having an out pufsport. for a.second control
signal and an input port for
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*“receiving said third control signal; a bus interface controller for
transferritng data to and from said conputer bus, said bus interface
_control’l er having an input port for receiving said first and secorid control -
"signals fromsaid first and second controller neans, and an output port for .
said third control signal; and break-in circuitry for- bl ocking said-fi+st- -
control signal fromsaid bus interface controller in response to a request
signal fromsaid second controller nmeans to transfer data, and for bl ocking
said third control signal fromsaid first controller means in response to
sai d request signal from said second controller neans to transfer data,

said break-in <circuitry conprisi 8g:5logic circuitry having first, second
and third states, said first state being an idle state, said first control
signal being bl ocked fromsaid bus interface controller in said third

state, said logic circuitry advancing fromsaid first to said second and
then third states in response to the pulsing of said third control signal.

2. The interface circuit of cIa|n11 wherein FﬁSd Tpglc circuitry furt her
conpri ses:

“TB_DMAC_WON + B_REQ + LB_CYCLE_ACK L8 CYCLE_ACK
LB_DMAC_WON « BI_REQ «
LB_CYCLE_ACK .

P s St
BREQ : [B_CYCLE_ACR

S3 S

TB_BUSY
BI_REQ . LB_BUSY

BI_REQ = SBSS_REQ + SBMS_REQ + DMAP_REQ « WON

- LB_CYCLE_START IS BLOCKED DURING S2 & S3
LB_CYCLE_ACK IS BLOCKED DURING S3
THE ACTIVE BREAK—IN REQUEST IS GRANTED A "WON" DURING S3 :

SBSS_WON = SBSS_WON' + S3« SBSS_REQ
SBMS_WON = SBMS_WON' + S3 «SBMS_REQ
DMAP_WON = DMAP_W_ON' + 53« DMAP_REQ  WON
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a fourth state wherein said third control signaf—berfig—btocket—fom—said
first controller neans in said fourth fstate. b3. ok e e dto p%?es
for use in a conputer system having a first bus 1 ‘efsagd ¥ Pagtl o
conprising in cgpnbi nation: a second bus; This if Hidairds) acé\%é?ﬁhsﬁ%é{ﬂ"“d ""
14 menory and a processor connected to daid secprid Dyawingés)r: |W§¥dfe@rﬁﬁg¢fb{
means for controlling the transfer of data, saif J#iAbstragtont: rp@g¢cb Fiiepaged .
havi ng an output port for a first control signa}j, and having angi Nqleliiy t
for receiving a second control signal; a second cOATEOOFERECERYES..[OI...........

controlling the transfer of data, said second:

to the DMA controller which continues its DMA operation without having to re-establish.
ownership resources.
SUMMARY OF THE INVENTION _

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided an interface
circuit for controlling the flow of data to and from a computer bus, said interface circuit
comprising in combination: a first controller means fo; controlling the transfer of data,
said first controller means having an output port for a first control signal and an _iﬁput
port for receiving a third control signal; a second controller means for controlling the
transfer of data, said second controller means having an output port for a second céntrol
signal and an input port for receivingl said third control signal; a bus interface controller
for transferring data to and from said computer bus, said bus interface controller having
an input port for receiving said first and second control signals from said first and
second céntroller means, and an output port for said third control signal; and break-in
circuitry for blocking said first control signal from said bus interface controller in
response to a request signal from said second controller means to transfer data, and for

blocking said third control signal from said first controller means in response to said
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controll er means having an output port for a third control signal, and an

I nput port for receiving said second control signal; a bus interface
controller for transferring data to and from said second bus, said bus
interface controller having an output port for said second control signal,
and an input port for receiving said fi®st and third control signals from
said first and second controller neans; and break-in circuitry for bl ocking
said first control signal fromsaid bus interface controller in response to
a request signal fromsaid second controller neans to transfer data. 4.

The adapter card of claim 3, wherein said break-in circuitry further
conprises: logic circuitry having first and second states, said first state
being an idle state, and said first control signal is blocked fromsaid bus
interface controller in said second state, said logic circuitry advancing
from sai deduestsignad fromh daideseotiitl cdrdiotlel MehRSPORERTdr Watd) SaldUbrehlith Sfrciayd

second control signal. 5. The adapter card of claim3, wherein said

br eak- i ncempdsingr logicicirtwbtry daningi first :second and third states, said first state being an
idle state, said first control signal being blocked from said bus interface controller in said
third state, said logic circuitry advancing from said first to said second and then third
states in response to the pulsing of said third control signal.

According to another aspect of the present invention there is provided a computer
adapter card, for use in a computer system having a first bus, said adapter card
comprising in combination: a second bus; memory and a processor connected to said
second bus; a first controller means for controlling the transfer of data, said first
controller means having an output port for a first control signal, and having an input port
for ;eceiving a second control signal; a second controller means for controlling the

. transfer of data, said second controller means having an output port for a third control
signal, and an input port for receiving said second control signal; a bus interface
controller for transferring data to and from said second bus, said bus interface controller
having an output port for said second control signal, and an input port for receiving said
first and third control signals from said first and second controller means; and break-in

circuitry for blocking said first control signal from said bus interface controller in

response to a request signal from said second controller means to transfer data.
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means for bl ocking said second control signal fromsaid first controller
nmeans in response to said request signal from said second controller neans
to transfer data. 6. . The adapter card of claimb5, wherein said break-in
circuitry further conprises: logic circuitry having first and second
states, said first state being an idle 4tate, said second control signal
being bl ocked fromsaid first controller neans in said second state. 7.
The adapter card of claimb, wherein said break-in circuitry further
conpri ses: 15 logic circuitry having first and second states, said first
control signal being blocked fromsaid bus interface controller in said
first state, and said second control signal being blocked fromfirst
controller nmeans in said second state. 8. The adapter card of claimb5,
wherein said break-in circuitry further conprises: -

. According to still another aspect of the present invention there is provided a break-

in éircuit, for use with first and second controller means for controlling the transfer of
data, and a bus interface controller for transferring data to and from a computer bus,
said first controller means having an output port for a first control signal and an input
port for a second control signal, said second controller means having an output port for a
third control signal and an input port for said second control signal, said bus interface
controller having an outplit port for said second control signal and an input port for said
first and third control signals, said break-in circuit comprising in combination: means for
blocking said first control signal from said bus interface controller in response to a
request signal from said second controller means to transfef data; and means for
blocking said second control signal from said first controller Iﬁeans in response to said
request signal from said second controller means to transfer data.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
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logic circuitry having first, second and third st;;ttes~$ﬁi_dfiLStf'iéEF
being an idle state, said first control signal bei ng bl ocked from sai d bus
interface controller in said third state, said logic c:”"ﬂ Hﬂlﬂjﬂ’mm”mm
fromsaid first to said second and then third states in' 4

‘pul sing of said second control signal. L The adapter card of o afm’S,
wherein said break-in circuitry further conprises: logic circuitry having
first, second, third and fourth stateg, W'sd first state being an idle
state, said first control signal bei ngAB ocked fromsaid bus interface
control | dr i A anterfade cigcuit foreconaollingathd fiRe 0N da@abtanal frét N 8bmp@eP Bus,

bl ocked fromfirst controller means in said fourth state, said lTogic .
ci r cui t r yaiddintenface girtwib compiising iim combimatiai:d second and then third states in
response to the pulsing of said second control signal. 10. A break-in
circuit, for aufestgoptrofler means forseonsrodling ther trhnsfer ofodats, aid firshicondrbilerg t he
transfer of data, and a bus interface controller for transferring data to
and fr om%%ﬂ&%r%%@“‘s%ﬁfﬂ for 2 firstceominobsiganl andoars input poxg fan rengiving apor t
for a first.control signal and an input port for a second control signal,
said sec 5‘18%‘[#{91 3@; means having an output port for a third control

signal and an %gb%% B(?IK&OIIC?rHl%%iISd fgre%grqtgol‘fi?lg t{hgl trgtlx&gralof data, said second

controller means having an output port for a second control signal and an input port for

receiving said third control signal;

a bus interface controller for transferring data to and from said computer bus, said
bus interface controller having an input port for receiving said first aﬁd second control
signals from said first and second controller means, and an output port for said third
control signal; and

break-in circuitry for blocking said first control signal from said bus interface
controller in response to a request signal from said second controller means to transfer
data, and for blocking said third control signal from said first controller means in
response to said request signal from said second controller means to transfer data, said
break-in circuitry comprising: ‘

logic circuitry having  first, second and third states, said first state being an idle
state, said first control signal being blocked.from said bus interface con&oller in said
third state, said logic circuitry advancing from said first to said second and then third
states in response to the pulsing of said third control signal.

2.  The interface circuit of claim 1, wherein said logic circuitry further comprises:

a fourth state wherein said third control signal being. blocked from said first
controller means in said fourth state.

3. A computer adapter card, for use in a computer system having a first bus, said
adapter card comprising in combination:

a second bus;
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said bus interface controller having an output port for Said second controf

signal and an input port for said first and third controlggi u IW
break-in circuit conprising in conbination: neans for bl (Hmlﬂull “IMIII llll
control signal fromsaid bus interface controller in response tb a'request
signal fromsaid second controller mead® to transfer data; and neans for
bl ocki ng said second control signal fromsaid first controller nmeans in

response 10 sy 3 HroskiAlonkél S SEGRNEhscONL T ol Ler neans to

transfer data. 1 e ‘break-in crrcurt aim10, further conprising:

16 | ogic cCirgUirst ¥omeollerUmédrsStor HdatrdRmg "He SHRLRP of Pl daiid Sffrsts&g{tﬁlfr%gi ng

an idle state, said second control. signal being blocked from sai t
cont r ol | meamsehaving rans eutPuts poanfdr i fikf . control signal, and having an input port for

receiving a second control signal;

a second controller means for controlling the transfer of data, said second
controller means having an output port for a third control signal, and an input port for
receiving said second control signal;

a bus interface controller for transferring data to and from said second bus, said
bus interface controller having an output port for said second control signal, and an input
port for receiving said first and third control signals from said first and second controller
means; and

break-in circuitry for bldcking said first control signal from said bus interface
controller in response to a request signal from said second controller means to transfer
data. i
4.  The adapter card of claim 3, wherein said break-in circuitry further comprises:

logic circuitry having first and second states, said first state being an idle state, and
said first control signal is blocked from said bus interface controller in said second state,
said logic circuitry advancing from said first to said second state in response to the
pulsing of said second control signal.

5. The adaptér card of claim 3, wherein said break-in circuitry further comprises:
means for blocking said second control signal from said first controller means in

response to said request signal from said second controller means to transfer data.

6.  The adapter card of claim 5, wherein said break-in circuitry further comprises:
logic circuitry having first and second states, said first state being an idle state,

said second control signal being blockedlfr.om said first controller means in said second

state.

7.  The adapter card of claim 5, wherein said break-in circuitry further comprises:
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12. The break-in circuit of claim10, further conprising: ”
having first and second states, said first control si gnalu Lﬁ!lﬁ“l& |I|
fromsaid bus interface controller in said first state, an ' Second +
control signal being blocked fromfirst controller nmeans in said second

state. 13. The break-in circuit of claith 10, further conprising: logic
circuitry having first, second and third states, said first state be| ng an

. ng ol ; ; f
dle state. i iy BB R 3haY °P§§P@§c$¥§§r§%9f i e i
first to fesh Galﬂqﬁ@ Nftepface E&ﬁfblie'ﬂ lif galﬁtfﬁ%(es?até naﬂdesiﬁpgbisoé Qorﬁtptﬂ s?%f ' Of

sai d second control signal. . The 1nt ace circult ¥t her

conpri si Mpckbd)gtomﬁrsrt(wntrbueﬂmyaxﬁgnfsala%geona%g[@é}d, third and fourth states,
said first state being an idle state, said first control signal being

bl ocked ® omBheiadaptes candtafrclaimes, cwldreinl sl break-edictulthy fudtiet eb@prigad sai d
second control signal being bl ocked fromfirst controller rreans in said
fourth statelogiaicireniseyl baving dirst; rspcandvandcehirg statesn said Girdti state eings an ddigecond

and then third, states in response to the i{)ul sing of said second control
signal . state, said first control signal being blocked from said bus interface controller in said

third state, said logic circuitry advancing from said first to said second and then third
states in response to the pulsing of said second control signal.
9.  The adapter card of claim 5, wherein said break-in circuitry further comprises:

logic circuitry having first, second, third and fourth states, said first state being an
idle state, said first control signal being blocked from said bus interface controller in said
third state, and said second control signal being blocked from first controller means m
said fourth state, said logic circuitry advancing from said first to said second and thenl
third states in response to the pulsing of said second control signal. i
10. A break-in circuit, for use with first and second controller means for controlling
the transfer of data, and a bus interface controller for transferring data to and from a
computer bus, said first controller means having an output port for a first control signal
and an input port for a second control signal, said second controller means having an
output port for a third control signal and an input port for said second control signal,
said bus interface controller having an output port for said second control signal and an
input port for said first and third control signals, said break-in circuit comprising in
combination:

means for blocking said first control signal from said bus interface controller in

. response to a request signal from said second controller means to transfer data; and

means for blocking said second control signal from said first controller means in

response to said request signal from said second controller means to transfer data.

11. The break-in circuit of claim 10, further comprising:
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logic circuitry having first and second states, said first state being an idle state,
said second é:ontrol signal being blocked from said first controller means in said second -
state.
12.  The break-in circuit of claim 10, further comprising:

logic circuitry having first and second states, said first control signal being blocked
from said bus interface controller in said first state, and said second control signal being
blocked from first controller means in said second state.
13. The break-in circuit of claim 10, further comprising:

logic circuitry having first, second and third states, said first state being an idle
state, said first control signal being i)locked from said bus intefface controller in said
third state, said logic circuitry advancing from said first to said second and then third
states in response to the pulsing of said second control signal.
14. The interface circuit of claim 10, further comprising:

logic circuitry ha\;ing first, second, third and fourth states, said first state being an
idle state, said first control signal being blocked from said bus interface controller in said
third state, and said second control signal being blocked from first controller means in
said fourth state, said logic circuitry advancing from said first to said second and then

third states in response to the pulsing of said second control signal.
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COMPUTER INTERFACE CIRCUIT

ABSTRACT

A plurality of specialized controllers, e.g. (202,‘ 204 and 206), each one adapted
to control a particular type of data transfer operation, control the flow of data betwéen a
| system bus (104) and a local bus (106) on a computer adapter card (102). When the
Direct Memory Access DMA controller (202) is controlling a DMA operation on the
local bus, certain other cohtrollers (204 and 206) can break-in to the current DMA
operation, temporarilj halting the DMA operation until the other .controller has
completed its data transfer operation. To break-in to a DMA dperatioix, handshaking
signals between the DMA controller and the local bus interface circuit (212) are
temporarily blocked by bloéking signals from a break-in logic circuit (210). The break-
‘in circuit includes a four-state state machine to block the handshaking signals at the
appropriate times; and to sighal the interrupting controller to begin. its data transfer

operation.

FIG. 2
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