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FIELD OF THE INVENTION

The invention relates to a data processing system comprising data port

means; a plurality of process:x}lg elements being operative to process sequential data and
being coupled in parallel to the data port means; and control means coupled between the

5 processing -elements and the data port means for governing data communication.

Q BACKGROUND ART ‘
| . One of the bottlenecks of high-speed data processing is the interface
! between séparate data processing units, such as between memories and CPUs. This interface
10 is an essential pathway in the entire processing system, as it is responsible for carrying an
incessant flow of program instructions and data. Parallel processing increases speed on the
one hand, but may introduce time-management problems on the other hand in regard to

proper distribution of data, dependent on the specific data processing task.

A system that supports a parallel architecture as presented in the preamble
15 is known from U.S. patent 5,103,311 (PHN 12,376). This reference discloses a processor
system for processing video samples on a real-time basis in a2 modular and hierarchical
% architecture. The system has at least one processor unit that in turn has at least one module
! with a plurality of processing elements. The elements operate in parallel and are connected to
| a cross-bar switch for the appropriate routing of the input signals to the elements of the
20 module and of the output signals from the elements. Each switch point of the cross-bar
switch preferably is provided with a register to solve conflicts that may arise from
simultaneous access requests to the same processor element. There is a fixed relationship
between the sample frequency and the clock frequency at all levels in the system.
Another system of the type mentioned in the preamble is known from
25 U.S. Patent 4,521,874 and concerns an interconnect cross-bar matrix with additional memory
 elements at interconnect nodes. Distribution of the memory elements facilitates the operation
and programming of a parallel-processor structure. The storage protocol per element is based

on consolidation, i.e, re-compaction of the stored data items in functionally contigubus

_ memory locations after a particular data item has been purged from the memory upon
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‘ ™ In the prior art systems‘, each processing element is connected to a

| specific I/O channel via a cross-bar switch for a limited time interval. Next, another

g processing element is switched to the same I/O channel. The first element has to wait for :

E 10 being connected to said I/O channel until the other element(s) have been served by the same i
channel. The known systems are suitable for handling blocks of consecutive data as in video
processing, or for processing data at a rate lower than real-time. The prior art systems are *
not adapted to process data that are disuibuted“over the processing elements in an arbitrary
manner or on a random-access basis. '

15 It is an object of the invention to provide a data processing sjstem witha |
parallel architecture wherein the data can be distributed over the processing elements in an

arbitrary manner without hampering the high processing speed.

SUMMARY OF THE INVENTION
20 To this end, the invention provides a data processing system as specified
in the preamble characterized in that the control means comprising a further plurality of
buffer means, each respective one of the buffer means including a respective plurality of *
parallel buffer segments. The control means is operative to selectively connect a single one ™
of the buffer segments in respective ones of the buffer means to respective ones of the
25 processing elements.
Consider an architecture with a first and a second processing element and

first and second buffer means. When the first processing element is switched from the first

buffer means to the second buffer means and the second processing element is connected to
the first buffer means, the data channel through the first buffer means is not available
i 30 anymore to the first processing element. This is similar to what happens in above prior art
% systems. In the invention, however, the second buffer means has parallel buffer segments and
; one of these is controlled to take over the previous role of the first buffer means as far as .
communication with the first processing element is concerned. The data supplied via the data

port means therefore are sorted in advance according to their destination.
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5 invention avoids idling of the processing elements and inaccessibility of data by pipelining.
The system in the invention permits a highly modular architecture. The architecture allows
for a bi-directional data communication between the processing elements and the data port

means.

Note that speed is determined by the number M of processing elements

w

~.m.4w.-.\,_,.\_.&..‘.,~.__. .-

10 and the access rate V of a processing element. The maximum average through-put of the
architecture then is M times V equals MV. Increasing the number of elements proportionally
increases the through-put.

In a first embodiment, the system cofnprises a bus for connecting the
buffer means in paralle] to the data port means, and the control means are operative to

a 15 selectively connect the buffer segments to the bus.” Thus the control means governs the data

paths both from the data port means to the buffer segments and from the buffer segments to

the processing elements. The control means may include, for example, a controller whose

microcode implements the scheduling of the interconnections between the processor elements
and the buffer segments.

20 In a second embodiment, the system comprises first and second buses for
transport of sequential data at a first rate and a second rate, respectively, between the data

‘ port means and at least a first one of the buffer means and a second one of the buffer means,

- Tespectively. The difference in transport rates is invisible to the processing of the data by the
processing elements.

25 - The buffer segments of the first buffer means preferably have a first
depth, and the buffer segments of the second buffer means have a second depth different
from the first. As the buffer segments for buffering the data corresponding to the higher one
of the rates have to receive and to furnish more data items per unit time than the buffer
segments for the lower rate data, the latter need less buffer capécity than the former.

30 The control means may include, for example, a controller whose

nd “microcode implements the scheduling of the interconnections between the processor elements

and the buffer segments, and between the buffer segments and the &m port means.
In a specific embodiment, respective ones of the processing elements may

comprise a respective memory unit, e.g., a random access memory (SRAM, DRAM). The
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5 are completely transparent to the user of the system, and that neither random—access

operation nor raster-scan access operation require wait states.
~The segmentation of each of the buffer means into parallel buffer
segments can be repeated, i.e., the buffer segments themselves can again be segmented at the

next lower organizational level, thus providing a hierarchical buffer segment architecture for

The invention is explained in further detail by way of example and with
Figs. 1 and 2 give block diagrams illustrating a first example of a system
Figs. 3-7 give block diagrams of further examples of a system in the

.Figs. 8-10 give examples of bi-directional buffer segments.

Throughout the drawing, similar or corresponding features are indicated

Fig. 1 illustfates a first example of a data processing system 100
according to the invention. In this example, system 100 is part of an image processing
system. System 100 comprises a high-speed I/O bus 102, e.g., for the transport of video
data, and a normal speed I/O bus 104, e.g, for the transport of graphics data. System 100
incorporates a plurality of data processing elements 106, 108, 110, 112 and 114. In this

10 high speed data routing.
DESCRIPTION OF THE DRAWING
reference to the accompanying drawing, wherein:

15
in the invention;
invention; and

20
by identical reference numerals.
DETAILED EMBODIMENTS
First example

25

30

example, processing elements 106-114 each include a respective memory, preferably a
DRAM having a page-mode. Control inputs "A" and "E" indicate "Address” and "Enable
read/write", respectively. System 100 further is comprised of a control means 116 that
governs the data communication between buses 102-104 and memories 106-114.

In regard to this example concerning image processing, it is known to
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and 13|6€gtp ur§11t¥ ?%‘rgrenclédxﬁe Iar:«xﬂelebuses 128, and a plurality of
(de)multiplexers 130, 132, 134, 136 and 138. Buffer means 118-124 are connected in parallel
to /O bus 102, and buffer means 126 is connected to /O bus 104, Each respective one of
buffer means 118-126 is coupféd to a respective one of intermediate buses 128. Each
respective one of (de)multiplexers 130-138 is connected t(; a respective one of memories 106-
114, and to all of intermediate buses 128.

For the sake of clarity, Fig. 2 shows a single one of buffer means 118-
126 in greater detail. Buffer means 118-126 are functionally identical and each respective one
of buffer means 118-126 comprises a respective plurality of buffer segments arranged in
parallel beﬁveen a respective pair of further (de)multiplexers. The buffer means of Fig. 2
includes a (de)multiplexer 202 for connection to I/0-bus 102, a (de)multiplexer 204 for
connection to a particular one of intermediate buses 128, and a plurality of buffer segments
206, 208, 210, 121 and 214 arranged in parallel between (de)multiplexers 202 and 204.
Buffer segments 206-214 can be bi-directional in order to handle the data flow from buses
102 and 104 to mémories 106-114 and vice-versa.

The (de)multiplexers 130, 132, 134, 136, 138, 202 and 204 are controlled
by a controller (not shown) whose microcode implements the scheduling of the
interconnections between memories 106-114 and the buffer segments 206-214 in buffer
means 118-126, and between buffer segments 206-214 and buses 102 and 104.

When there is a data flow from buses 102-104 to memories 106-114,
(de)multiplexers 202 of buffer means 118-126 serve to guide the data from buses 102 and
104 to an appropriate one of buffer segments 206-214, thus performing the sorting according
to destination of the data. The (de)multiplexers 204 and 130-138 are used to merge the data
streams from the buffer segments into sorted streams of data for each of the destinations,
i.e., for each of the memories 106-114. Each respective one of intemnal buses 128
communicates data between a specific one of buffer segments 206-214 in a respective one of
buffer means 118-126 and a respective one of me:mories 106-114.

Preferably, performance is increased by using so-called page-mode
DRAMs for memories 106-114. In a DRAM, access of each cell is accomplished By

providing the associated row address and column address. An address strobe latches each of
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one appﬁcahon of the row address. Keeping RAS valid, subsequent accesses are N
accomplished by strobing-in the appropriate column addresses. Thus, RAS cycles are avoided |
as long as cells of a single row are involved. Here, performance is limited by the DRAM’s ™ !
cycle time, including CAS recovery time, and the ratio of: successive data retrieved from the

same row and successive data retrieved from different rows.
1t

Second example : *
Fig. 3 gives a block diagram of a second example of a system 300 in the 1
invention. In contrast with system 100 discussed under Figs. 1 and 2, syétem 300 does not
use separate (de)multiplexers such as 202, 204 and 130-138. Instead, system 300 comprises y
segmented buffer means 302, 304, 306, 308 and 310, each respectiye one thereof being
arranged between a respective one of intermediate buses 128 and 1/0 bus 102 or 104. Each |

of segmented buffer means 302-310 includes access control logic and tri-state output drivers

{not shown here). in addition, system 300 employs further tri-state drivers 312, 314, 316,
318 and 320 between intermediate buses 128 and processing elements 106-114 to avoid short
circuiting of internal buses 128. Drivers 312, 314, 316, 318 and 320 and the access control |
logic of segmented buffer means 302, 304, 306, 308 and 310 is controlled via a controller

2

{not shown) with an appropriate microcode program.

Third example

Fig. 4 is a block diagram of a third example of a system 400 in the
invention. Systems 100 and 300 can also be operated as bi-directional systems. That is, data
can be transported from buses 102 and 104 to processing elements 106-114 (e.g., memories)
as well as from elements 106-114 to buses 102 and 104. Accordingly, processing elements
106-114 and buses 102 and 104 can be interchanged as regards their function as source of
data and destination for data. This is reflected by system 400, whose architecture is in X
principle inverted with regard to that of system 300 in Fig. 3. Now, each specific one of

segmented buffer means 302-310 couples a specific one of processing elements 106-114 to all

internal buses 128.
This Sheet Has Been Rep

I
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5 among one another. The drivers are controlled via a controller (not shown) with an

appropriate microcode program.

E exam
Fig. 5 gives a fourth example of a systém 500 in the invention. The
i 10 architecture of system 500 is a further development of systems 300 and 400, discussed
| above, by considering the active data paths in the network and the concurrent communication

* between respective ones of processing elements 106-110 and respective ones of the buffer
segments of buffer means 302-310. Each one of internal buses 128 in system 300 and 400
carries data from a single one of the parallel buffer segments, located in segmented buffer

15 means 302-310 to a single one of processing elements 106-114 (and vice versa when
elements 106-114 are, e.g., memories). Therefore, a re-arrangement of the interconnection

structure results in system 500, wherein in each specific one of segmented buffer means 302-

310 a respective buffer segment now is connected between a respective one of internal buses
128 and /O bus 102 or 104.
20
Fifth example
Q Fig. 6 gives a fifth example of a system 600 in the invention, being a
further development from system 500 discussed above. A further optimization could be
achieved by merging some or all of the buffer segments that are distributed over different
25 ones of buffer means 302-310 and that are effectively arranged in parallel to one another in
that they are connected to the same one of intermediate buses 128. For example, the buffer
segments that are connected between bus 102 and a particular one, say the upper one, of
intermediate buses 128 in Fig. 5, are merged with one another to form a single aggregate
buffer segment 602 in system 600. Similarly, the buffer segments that are connected between
30 bus 102 and another one of intermediate buses 128 in Fig. 5 are merged to form another
aggregate buffer segment, such as 604. The mergi;lg is always possible if the buffers are
o sufficiently fast, which is true in general for small sized buffers, e.g.,l in a video
environment in the order of a few kilobytes. This permits an implementation in a fast SRAM

technology. Each of the aggregate buffer segments, such as 602 and 604, again is of the type
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5 In above examples, the number of buffer segments, e.g., 206-214, per

individual one of the buffer means, e.g., 118-126 is chosen equal to the number of .
intermediate buses 128 or to the number of processing elements 106-114. Fig. 7 gives an
example of a system 700 with a hybrid architecture, merging the (de)multiplexer approach of
system 100 of Fig. 1 with the formation of aggregate buffer segments as in system 600 in

10 Fig. 6, showing that the number of buffer segments need not be equal to the number of -
processing elements. In system 700, I/O bus 102 is coupled to intermediate buses 128
through a cascade of a first buffer segment 702 and a first (de)multiplexer 704 and another .
cascade of a second buffer segment 706 and a second (de)multiple:t%.r 708. In case the data
flow between I/0O buses 102 and 104 is uni-directional (de)multiplexers 704 and 708 can

15 dispense with the multiplexing functionality.

Bi-direction ffer segm
.Bi-directional buffer segments can be implemented in a variety of ways.
Fig. 8 gives an example of a bi-directional buffer segment 800 comprising a first uni-

20 directional buffer 802 and a second uni-directional buffer 804 connected in an anti-parallel
manner between first and second three-way switches 806 and 808. Fig. 9 illustrates another
bi-directional buffer segment 900 comprising a first uni-directional buffer 902 and a second
uni-directional buffer 904 connected in parallel. Buffers 902 and 904 have access control and
tri-state outputs. Fig. 10 shows another bi-directional buffer segment 1000 comprising a

25 single uni-directional buffer 1002 connected between a multiplexer 1004 and a demultiplexer
1006. Note that multiplexer 1004 can be replaced by two tri-state drivers (not shown) having
their outputs connected to one another and to an input 1008 of buffer 1002, and that
demultiplexer 1006 can be replaced by two tri-state drivers (not shown) having their outputs
connected to one another and to an output 1010 of buffer 1002.

30 In the examples of the drawings, processing elements 106-114 can be

! - memories, for use in, e.};., an image processing system to combine video data with computer
generated graphics data in, e.g., a multi-media application. It is clear to the skilled person
that the invention is neither restricted to the processing elements all being memories, nor to

the processing elements being functionally uniform, nor to the application within image
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out computations, €.g., dyadic operations, on the data received from a single port via
intermediate buses 128 and buffer means 118-126, 302-310, and to supply the-results to

further processing means via other than intermediate buses 128. Such a system then is uni-

directional at least locally.
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1. A data processing system comprising:
- data port means;
- a plurality of processing elements being operatlve to process sequential data and being

coupled in parallel to the data port means;
- control means coupled between the data port means and the processing elements for

A o A S S 4 e

governing data communication; . i
characterized in that *
- the control means comprises a further plurality of buffer means, each respective one of the
buffer means including a respective plurality of parallel buffer segments;
- the control means is operative to selectively connect a single one of the buffer segments in |
respective ones of the buffer means to respective ones of the processing elements.
2, The system of claim 1, comprising a bus for connecting the buffer means
in parallel to the data port means, and wherein the control means are operative to selectively
connect the buffer- segments to the bus.

3. The system of claim 1, comprising first and second buses for transport of
sequential data at a first rate and a second rate, respectively, between the data port means
and at least a first one of the buffer means and a second one of the buffer means, ,
respectively. ’
4. The system of claim 3, wherein the buffer segments of the first buffer |
means have a first depth, and the buffer segments of the second buffer means have a second
depth, different from the first depth.

5. The system of claim 1, wherein respective ones of the processing elements
comprise a respective memory unit.

6. The system of claim 2, wherein each memory unit includes a random

acCess memory.

7. The system of claim 4, wherein the random access memory includes a

page-mode DRAM.
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/st em System 100 conprises a high-speed |/0O bus 102, e.g., for the
ansport wb9v22den data, and a normal speed |/ 0O bus 104, eP@I/IH%IﬂOQGhe
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page- node. Control inputs "A" and a@ndi cate "Address" and TEnRapre-
ead/ wite", respectively. System 100 ther is conprised of a control
pans 116 that governs the data conmuni cati on between buses 102-104 and
enories 106-114. In regard to this exanple concerning image processing, it
s known to high speed 1/0 bus 102 normal speed 1/0 bus.
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"organi ze a random access nenory into several banks such as 106-114 to
ncrease sfoysag®4capaci ty and access speed. The speed per ploanBosumosobe
educed, when appl yi ng bank-sw t chi ng techni ques. Control neans 116
wconprises a plurality of buffer nmeans 118, 120, 122, 124 and 126, a
Hlurality of intermediate parallel buses 128, and a pIULL |5,,rf‘““' FEN

L de)nul tiplexers 130, 132, 134, 136 anzI%ss. Buf fer neja 1‘18" 2115, PE I
#onnected in parallel to I1/0 bus 102, buf fer neans 126 s wnflect ed' t o
4 /0 bus 104. Each respective one of buffer means 118-126 is coupled to a
¥ espective one of internedi ate buses 128. Each respective one of

Jde)nul tiplexers 130-138 is connected to a respective one of nmenories 106-
g14, and to all of internedi ate buses 128.
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the sake of clarity, Fig. 2 shows a single one of buffer means 118- 126~
great er WEx9%{22094Buf f er neans 118-126 are functional |y i deatimesoomsr each
Yespective one df buf fer means 118-126 conprises a respective plurality of
buf f et segnents;arranged in parallel between a respective Lr..of _further

(de)nul ti pl exer’s. The buffer means of Fig. 2 includes a ( ey IBubHET Baerr2g
for connection to I/0O bus 102, a (de) rm§/ | exer 204 for onnec;t ﬁp;;v itp a T
particul ar one’ of i nt er medi at e buses 12 and a pluralityof—-buf+er
segnments 206, 208, 210, 121 and 214 arranged in parallel between
(de)mul ti pl exers 202 and 204. Buffgr segnents 206-214 can be bi-directional
in order to handle the data fl fyom buses 102 and 104 to nenories 106-114
antd vice-versa. The (de)multip rs 130, 132, 134, 136, 138, 202 and 204
are controlled by a controller ghot own) whose m crocode inplenents the

schedullng of the
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destinations, i.e., for each of the nenories
of interMaMmepuses 128 communi cates data bet wee
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respective one of nenories 106-114. Preferably
usi ng so-call ed page-node

FIELD OF THE INVENTION

QHEWM"K@TTZQWEW buses 102
to.nemori ¢s 106-114,

fe o e%"’"ﬁ@ﬁt‘@%o 714, “thus

n n'F_ j'ha rlnfﬁ '!'h

06'114 ‘Each respectlve one
n a specific one of buffer
means 118-126 and a

, performance is increased by

The invention relates to a data processing, system comprising data port

means; a plurality of processi.ng elements being operative

to p:i*b’céss sequential data and

being coupled in parallel to the data port means§ and control means coupled between the

processing -elements- and the data port means for governing data communication.

BACKGROUND ART

One of the bottlenecks of high-speed data processing is the interface

between separate data processing units, such as between memories and CPUs. This interface

is an essential pathway in the entire processing system, as

it is responsible for carrying an

incessant flow of program instructions and data. Paralle! processing increases speed on the

one hand, but may introduce time-management problems on the other hand in regard.to

proper distribution of data, dependent on the specific data

processing task.

A system that supports a paralle] architecture as presented in the preamble
is known from U.S. patent 5,103,311 (PHN 12,376). This refererice discloses a processor

‘system for processing video samples on a real-time basis in a modular and hierarchical

architecture. The system has at least one processor unit that in turn has at least one module

with a plurality of processing elements. The elements operate in parallel and are connected to

a cross-bar switch for the appropriate routing of the input
module and of the output signals from the elements. Each

signals to the elements of the

switch point of the cross-bar

switch preferably is provided with a register to solve conflicts that may arise from

simultaneous access requests to the same processor element. There is a fixed relationship

between the sample frequency and the clock frequency at all levels in the system.

Another system of the type mentioned in the preamble is known from

U.S. Patent 4,521,874 and concerns an interconnect cross-bar matrix with additional memory
elements at interconnect nodes. Distribution of the memory elements facilitates the operation
and programming of a parallel-processor structure. The storage protocol per element is based
on consolidation, i.e, re-compaction of the stored data items in functionally contigu'o.us

memory locations after a particular data item has been purged from the memory upon

< ~...%b



DRAVs for menories 106-114. In a DRAM access of each dr}é*li”IL"{?**gr’%m%gEg’éé’%?:is!hed
by providing the associated row address and col uim adfr ¢SS AR addr eSjs
strobe | atches each of 6 the addresses into the DRAM s 2i it ERAIY7 |

regi sters for subsequent decodi ng. Both row address angl ¢ol unm address| share
the sanme input lines, so the DRAMrequires two distingt strobes to identify
whi ch of the addresses is presented. Thgese strobes aré called row addreks
strobe (RAS) and col um address strobe (CAS), whose relative timng governs
DRAM oper idifg) This QIRAM-dompatibnepaAge addidenap Circliirs. ALREERIdAG RRYmpidtdgr Of

cells of the sane row with . . . - )
sets an upper limit to the operation speed, since it requires additonal ime between the

execution of a last-read instruction and the execution of a next write instruction.

Accordingly, this system is not suitable to process video signals on a real-time basis.

OBJECT OF THE INVENTION _

In the prior art systems, each processing element is connected to a
specific /O channel via a cross-bar switch for a limited time interval. Next, another
processing element is switched to the same /O channel. The first element has to wait for
being connected to said I/O channel until the other element(s) have been served by the same
channel. The known systems are suitable for handling blocks of consecutive data as in video
processing, or for processing data at a rate lower than real-time. The prior art systems are
not adapted to process data that are distributed“over the processing elements in an arbitrary
manner or on a random-access basis.

It is an object of the invention to provide a data processing system with a
parallel architecture wherein the data can be distributed over the processing elements in an

arbitrary manner without hampering the high processing speed.

SUMMARY OF THE INVENTION

To this end, the invention provides a data processing system as specified
in the preamble characterized in that the control means comprising a further plurality of
buffer means, each respective one of the buffer means including a respective plurality of
parallel buffer segments. The control means is operative to selectively connect a single one
of the buffer segments in respective ones of the buffer means to respective ones of the
processing elements.

Consider an architecture with a first and a second processing element and
first and second buffer means. When the first processing element is switched from the first
buffer means to the second buffer means and the second processing element is connected to
the first buffer means, the data channel through the first buffer means is not avaifable
anymore to the first processing element. This is similar to what happens in above prior art
systems. In the invention, however, the second buffer means has parallel buffer segments and
one of these is controlled to take over the previous role of the first buffer means as far as .
communicadon with the first processing element is concerned. The data supplied via the data

port means therefore are sorted in advance according to their destination.
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i nternedi ate buses 128 and 1/O but 102 or '104. Each

means at a ime can be connected to a particular processing element. The architecture of the

invention avoids idling of the processing elements and inaccessibility of data by pipelining.

The system in the invention permits a highly modular architecture. The architecture allows

for a bi-direcHonal data con-:.murﬁcation between the processing elements and the data port

means.

Note that speed is determined by the number M of processing elements

and the access rate V of a processing element. The maximum average through-put of the

architecture then is M times V equals MV. Increasing the number of elements proportionally

increases the through-put.

In a first embodiment, the system comprises a bus for connecting the

buffer means in paralle! to the data port means, and the control means

are operative to

selectively connect the buffer segments to the bus. Thus the control means governs the data
paths both from the data port means to the buffer segments and from the buffer segments to
the processing elements. The control means may include, for example, a controller whose
microcode implements the scheduling of the interconnections between the processor elements
and the buffer segments.

In a second embodiment, the system comprises first and second buses for
transport of sequential data at a first rate and a second rate, respectively, between the data

port means and at least a first one of the buffer means and a second one of the buffer means,

. respectively. The difference in transport rates is invisible to the processing of the data by the

processing elements.

The buffer segmenté of the first buffer means preferably have a first
depth, and the buffer segments of the second buffer means have a second depth different
from the first. As the buffer segments for buffering the data corresponding to the higher one
of the rates have to receive and to furnish more data items per unit time than the buffer
segments for the lower rate data, the latter need less buffer capacity than the former.

The control means may include, for example, a controller whose
microcode implements the scheduling of the interconnections between the processor elements
and the buffer segments, and between the buffer segments and the dzﬁa port means. -

In a specific embodiment, respective ones of the processing elements may

comprise a respective memory unit, e.g., a random access memory (SRAM, DRAM). The
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are completely transparent to the user of the system, and that neither random-access

L0

operation nor raster-scan access operation require wait states.

-The segmentation of each of the buffer means into parallel buffer
segments can be repeated, i.e., the buffer segments themselves can again be segmented a.E the
next lower organizational level, thus providing a hiemrchical buffer segment architecture for
high speed data routing. ‘

DESCRIPTION OF THE DRAWING

The invention is explained in further detail by way of example and with
reference to the accompanying drawing, wherein:

Figs. 1 and 2 give block diagrams illustrating a first example of a system
in the invention; .

Figs. 3-7 give block diagrams of further examples of a system in the
invention; and

-Fig_s. 8-10 give examples of bi-directional buffer segments.

Throughout the drawing, similar or corresponding features are indicated

by identical reference numerals.

DETAILED EMBODIMENTS
First example

Fig. 1 illustrates a first example of a data processing system 100
according to the invention. In this example, system 100 is part of an image processing
system. System 100 comprises a high-speed I/0 bus 102, e.g., for the transport of video
data, and a normal speed I/O bus 104, e.g, for the transport of graphics data. System 100
incorporates a plurality of data processing elements 106, 108, 110, 112 and 114. In this
example, processing elements 106-114 each include a respective memory, preferably a
DRAM having a page-mode. Control inputs "A" and "E" indicate "Address" and “Enable
read/write”, respectively. System 100 further is comprised of a control means 116 that
govemns the data communication between buses 102-104 and memories 106-114.

In regard to this example concerning image processing, it is known to



106-114 and buses 102 and 104 can be interchanged as regards their function

.«.w-«w o i

.as source of data and destination for data. This is ré'fle@t«ﬁear ten‘
400, whose architecture is in principle inverted wthi rega‘r“ﬁ”% i
system 300 in Fig. 3. Now, each specific one of segrremt éd buf f rﬂs
302-310 couples a specific one of processing elenents; 1(’56 21&4 €é gﬁl

i nternal buses 128. 7 Four of the fikve internal buiei.iZ&an.e;
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hi gh- speed bus 102 via a plurality of bi-directional er-state bus dr|v

402, theybhfitds HilShRRdesP Hembfy Mid @4kl bRy RhAChs 106-114:to-increase-storage——
capacity and access speed. The speed per bank can be reduced when applying bank-switching
techniques.

Control means 116 comprises a plurality of buffer means 118, 120, 122,
124 and 126 a plurality of intermediate parallel buses 128, and a plurality of
(de)mulnplexers 130, 132, 134, 136 and 138. Buffer means 118-124 are connected in parallel
to /O bus 102, and buffer means 126 is connected to /O bus 104. Each respective one of
buffer means 118-126 is coupl.éd to a respective one of intermediate buses 128. Each
respective one of (de)multiplexers 130-138 is connected té a respective one of memories 106-
114, and to all of intermediate buses 128.

For the sake of clarity, Fig. 2 §hows a single one of buffer means 118-
126 in greater detail. Buffer means 118-126 are functionally identical and each respective one
of buffer means 118-126 comprises a respective plurality of buffer segments arranged in
para]l.el betw;veen a respective pair of further (de)multiplexers. The buffer means of Fig. 2
includes a (de)multiplexer 202 for connection to 1/0-bus 102, a (de)multiplexer 204 for
connection to a particular one of intermediate buses 128, and a plurality of buffer segments
206, 208, 210, 121 and 214 arranged in parallel between (de}multiplexers 202 and 204.
Buffer segments 206-214 can be bi-directional in order to handle the data flow from buses
102 and 104 to mt;mories 106-114 and vice-versa.

The (de)multiplexers 130, 132, 134, 136, 138, 202 and 204 are controlled
by a controller (not shown) whose microcode implements the scheduling of the
interconnections between memories 106-114 and the buffer segments 206-214 in buffer
means 118-126, and between buffer segments 206-214 and buses 102 and 104.

When there is a data flow from buses 102-104 to memories 106-114,
(de)multiplexers 202 of buffer means 118-126 serve to guide the data from buses 102 and
104 to an appropriate one of buffer segments 206-214, thus performing the sorting according
to destination of the data. The (de)multiplexers 204 and 130-138 are used to merge the dat.a
streams from the buffer segments into sorted streams of data for each of the destinations,
i.e., for each of the memories 106-114. Each respective one of internal buses 128
communicates data between a specific one of buffer segments 206-214 in a respective one of
buffer means 118-126 and a respective one of me;mories 106-114.

Preferably, performance is increased by using so-called page-mode
DRAM:s for memories 106-114. In a DRAM, access of each cell is accomplished by

providing the associated row address and column address. An address strobe latches each of

\UJ



to normal -speed bus 104. Since there are a nultitude of—nternat- *buses“IZB
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the invention. The architecture of' syséem 500 is a furt erteve oprient o
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(RAS) and column address strobe (CAS), whose relative timing governs DRAM operation. A

DRAM having a page-mode permits accessing any number of cells of the same row with

only one application of the row address. Keeping RAS valid, subsequent accesses are

accomplished by strobing-in the appropriate column addresses. Thus, RAS cycles are avmded

as long as cells of a single row are involved. Here, performance is limited by the DRAM’s

cycle time, including CAS recovery time, and the ratio of successive data retrieved from the

same row and successive data retrieved from different rows.

Second example

Fig. 3 gives a block diagram of a second example of a system 300 in the
invention. In contrast with system 100 discussed under Figs. 1 and 2, system 300 does not
use separate (de)multiplexers such as 202, 204 and 130-138. Instead, system 300 comprises
segmented buffer means 302, 304, 306, 308 and 310, each respecriye one thereof being
arranged between a respective one of intermediate buses 128 and 170 bus 102 or 104. Each
of segmented buffer means 302-310 includes access control logic and tri-state output drivers
(not shown here). In addition, system 300 employs further tri-state drivers 312, 314, 316,
318 and 320 between intermediate buses 128 and processing elements 106-114 to avoid short
circuiting of internal buses 128. Drivers 312, 314, 316, 318 and 320 and the access control
logic of segmented buffer means 302, 304, 306, 308 and 310 is controlled via a controller

(not shown) with an appropriate microcode program.

Third example

Fig. 4 is a block diagram of a third example of a system 400 in the
invention. Systems 100 and 300 can also be operated as bi-directional systems. That is, data
can be transported from buses 102 and 104 to processing elements 106-114 (e.g., memories)
as well as from elements 106-114 to buses 102 and 104. Accordingly, processing elements
106-114 and buses 102 and 104 can be interchanged as regards their function as source of

" data and destination for data. This is reflected by system 400, whose architecture is in
principle inverted with regard to that of system 300 in Fig. 3. Now, each specific one of
segmented buffer means 302-310 couples a specific one of processing elements 106-114 to all
internal buses 128.



means 302-310 to a single one of processing elenents 106-114..(.and-\i-ce -
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to bus 102, drivers 402 are required to prevent the mtemal buses from being short-circuited

among one another. The drivers are controlled via a controller (not shown) with an

appropriate microcode program.

Fourth example

Fig. 5 gives a fourth example of a system 500 in the invention. The
architecture of system 500 is a further development of systems 300 and 400, discussed
above, by considering the active data paths in the ne_twork and the concurrent communication
between respective ones of processing elements 106-110 and respective ones of the buffer
segments of buffer means 302-310. Each one of intemal buses 128 in system 300 and 400
carries data from a singie one of the parallel buffer segments, located in segmented buffer
means 302-310 to a single one of processing elements 106-114 (and vice versa when
elements 106-114 are, e.g., memories). Therefore, a re-arrangement of the interconnection
structure results in system 500, wherein in each specific one of segmented buffer means 302-
310 a respective buffer segment now is connected between a respective one of internal buses
128 and /0 bus 102 or 104.

Fifth example ‘
Fig. 6 gives a fifth example of a system 600 in the invention, being 2

farther development from system 500 discussed above. A further optimization could be
achieved by merging some or all of the buffer segments that are distributed over different

- ones of buffer means 302-310 and that are effectively arranged in parallel to one another in
that they are connected to the same one of intermediate buses 128. For example, the buffer
segments that are connected between bus 102 and a particular one, say the upper one, of
intermediate buses 128 in Fig. 5, are merged with one another to form a single aggregate
buffer segment 602 in system 600. Similarly, the buffer segments that are connected between
bus 102 and another one of intermediate buses 128 in Fig. 5 are merged to form another
aggregate buffer segment, such as 604. The rﬁcrgir}g is always possible if the buffers are
sufficiently fast, which is true in general for small sized buffers, e.g., in a video
environment in the order of a few kilobytes. This permits an implementation in a fast SRAM

technology. Each of the aggregate buffer segments, such as 602 and 604, again is of the rype
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Sixth example
In above examples, the number of buffer segments, e.

individual one of the buffer means, e.g., 118-126 is chosen equal to the

intermediate buses 128 or to the number of processing elements 106-114.

g., 206-214, per
number of

Fig. 7 gives an

example of a system 700 with a hybrid architecture, merging the (de)multiplexer approach of

system 100 of Fig. 1 with the formation of aggregate buffer segments as
Fig. 6, showing that the number of buffer segments need not be equal to

in system 600 in

the number of

processing elements. In system 700, I/0 bus 102 is coupled to intermediate buses 128

through a cascade of a first buffer segment 702 and a first (de)multiplexer 704 and another

cascade of a second buffer segment 706 and a second (de)multiplefer 708. In case the data
flow between I/O buses 102 and 104 is uni-directional (de)multiplexers 704 and 708 can

dispense with the multiplexing functionality.

Bi-directional bu

Bi—directional buffer segments can be implemented in a variety of ways.

Fig. 8 gives an exa.mple of a bi-directional buffer segment 800 compnsm

g a first uni-

directional buffer 802 and a second uni-directional buffer 804 connected in an anu-parallel

manner between first and second three-way switches 806 and 808. Fig. 9

illustrates another

bi-directional buffer segment 900 comprising a first uni-directional buffer 902 and a second
uni-directional buffer 904 connected in parallel. Buffers 902 and 904 have access control and
tri-state outputs. Fig. 10 shows another bi-directional buffer segment 1000 comprising 2

single uni-directional buffer 1002 connected between a multiplexer 1004 and a demultiplexer

1006. Note that multiplexer 1004 can be replaced by two tri-state drivers

(not shown) having

their outputs connected to one another and to an input 1008 of buffer 1002, and that

demultiplexer 1006 can be replaced by two tri-state drivers (not shown) having their outputs

connected to one another and to an output 1010 of buffer 1002. °

In the examples of the drawings, processing elements

106-114 can be

memories, for use in, e.g., an image processing system to combine video data with computer

generated graphics data in, e.g., a multi-media application. It is clear to the skilled person

that the invention is neither restricted to the processing elements all being memories, nor to

the processing elements being functionally uniform, nor to the application within image

lon 1n a fast SRAM technol ogy. Each of the aggregate buffer



8 i'ncluding access control logic and tri-state output drivers (not shomn
here) as discussed above. Sixth exanple In above exanpl 'ﬁ”“ H@D o
buffer segnments, e.g., 206-214, per individual one of t '“bu%?eﬁ“ﬁbathT

e.g., 118-126 is chosen equal to the nunber of internedy afe BUSES 1287 qr {to
the nunber of processing el ements 106-114. Fig. 7 givesiah @XfRPRAH -
system 700 with a hybrid architecture, nerging the (de)hu}tlplexer approach
of system 100 of Fig. 1 with the formatPon of aggregate buffér segments 4gs
in system 600 in Fig. 6, show ng that the nunber of bufﬁer segments need

not be eqpratestiog,trve tmmemmesﬁngoobdmmppme@xemtmuy we Peses.nT HEOProcds '5"_5
102 1s COsu tler%dneec? notrb rHEdI tﬁ}ngl a%ulﬁ%gme o? the examples discussed above.

For example, the concept of distributed buffer means 118-126, 302-3 10
and locally parallel buffer segments 206-214 can be advantageously used in, e.g., a

computer, wherein respective ones of the processing elements 106-114 are operative to carry
out computations, e.g., dyadic operations, on the data received from a single port via
intermediate buses 128 and buffer means 118-126, 302-310, and to supply the-results to
further processing means via other than intermediate bus;s 128. Such a system then is uni-
directional at least locally. o '



t hrough a cascade of a first buffer segment 702 and a first (de)nultiplexer
704 and anaother cascade of a second buffer segnent 706 .and.a.second ...

"(de) nul tipl e ilm@i] ! ,’@ the data flow between /0 mmgugﬁggmarmlqgmdj I's

uni di rection rs 704 and 708 can di spense hee ..
mul ti pl exi ng I -directional buffer segm nt dJ,,gegT;-; ona
buf fer segments can be inplemented in govariety of ways. F|29‘3 '8‘g|°\fés
exanple of a bi-directional buffer segnment 800 conpri si n@g-a-—fi-st-
di rectiow;f er 802 and a second uni-directional bufifer 804 connect ed in
an anti-parallTel manner between first and second t hr eelway—swi-+ehes—866—and
808. Fig. 9 illustrates another bi-directional buffer segnment 900 .
conprising a first uni-directional buffer 902 and a second uni-directional
buffer 904 connected in parallel. Buffers 902 and 904 have access control
and :

u

A\1%4

£f

1. A data processing system comprising:

- data port means;

- a plurality of processing elements being operative to process sequential data and being
coupled in parallel to the data port means;

- control means coupled between the data port means and the processing elements for
goveming data communication;

characterized in that

- the control means comprises a further plurality of buffer means, each respective one of the
buffer means including a respective plurality of parallel buffer segments;

- the control means is operative to selectively connect a single one of the buffer segments in
respective ones of the buffer means to respective ones of the processing elements.

2. The system-of claim 1, comprising 2 bus for connecting the buffer means
in parallel to the data port means, and wherein the control means are operative to selectively
connect the buffer. segments to the bus.

3. The system of claim 1, comprising first and second buses for transport of
sequential data at a first rate and a second rate, respectively, between the data port means
and at least a first one of the buffer means and a second one of the buffer means,
Tespectively.

4, The system of claim 3, wherein the buffer segments of the first buffer
means have a first depth, and the buffer segments of the second buffer means have a second
depth, different ffom the first depth.

5. The system of claim 1, wherein respective ones of the processing elements
comprise a respective memory unit. |

6. The system of claim 2, wherein each memory unit includes 2 random
_access memory.

7. The system of claim 4, wherein the random access memory includes a.

page-mode DRAM.



tri-state outputs. Fig. 10 shows another bi-directional buffer segrrent 1000
conprising a single unidirectional buffer 1002 connect edf tl_gg -
mul ti pl exer 1004 and a denul tipl exer 1006. Note that nul} Pﬁﬂ ET‘”"%D&’“@ :
be replaced by two tri-state drivers (not shown) having {hgir outputs =
connected to one another and to an input 1008 of buffer L0022 GrgkR KER?
denul ti pl exer 1006 can be replaced byltwo tri-state drivers (not shown) |
havi ng their outputs connected to one another and to an ¢utput 1010 of

buffer 1002.. In the exanples of the draw ngs processinglel ements 106-114 ;

can be nmenor $@RTING, SE NH'IAE ATAarPR?ﬁ%gc%r %@?ﬁ@g" Y& EVED  conbi ne
vi deo data WPARAEERL PROCESIRR ., amlti-nedi'a

application. It is clear tothe skllled per son t hat thelnvention i's
neither restyj o the processing elenments all being nenories, nor to

t he processi%—t@gﬁints being functionally uniform nor to the application
within i mge '

A data processing system comprises a plurality of
processing elements being operative to process data
and being coupled in parallel to a bus via a control
means that governs data communication. The control
means comprises a plurality of buffer means, and each
respective one of the buffer means includes a
respective plurality of parallel buffer segments. The
control means is operative to selectively connect a
single one of the buffer segments in respective ones
of the buffer means to respective ones of the
processing elements. _ This effectively permits
distributing of the data in an arbitrary manner over
the elements by sorting data in advance in the
segments according to destination. The system is
highly suitable to handle video and graphics data in

image synthesis.

FIGURE 1



9 processing, nor to the processing of data supplied via specifically tmo

buses. The processing system need not be bi-directional as
“exanpl es di scussed above. For exanple, the concept of distjr

means 118-126, 302-310 and locally parallel buffer segnentis 28£ cga b
advant ageously used in, e.g., a conputer, wherein respectijve §sf§ B &nd
processi ng el enents 106-114 are operaflive to carry out conp

dyadi ¢ operations, on the data received froma single port
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systemthen is uni- directional

at least locally.

further processing neans via other than internedi ate buses.l128...Such.a.....,
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A data processing system conpri sing

high speed /0 bus
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to the data port neans

WZ

coupl ed between the data port neans- and- t he processing

nurmnlspeedl/ﬂhus

ﬂ;;g"s‘ "

~dat-a. popt neans;

Bt

erent-s—f-or——I

ntgl g
nmgaris

r——“-.-j‘§

[
1
I
.

30L

r-

{

306

-

I
")

4t

r*""w—g

310

I
N

ARl

-

1;

a0

128

n

|

1

106

102

3L/

by

Ly

LY

316

108

10

high speed 1/0 bus

..

[

y

[y

57

__f~L02

—J

104

400

318

/

7
112

/

320

.
1

FIG.3

~ hormal speed 1/0 bus

128

JE—

e

108

108

| SR—

ey b

!____.ﬁ_.

L e e e

305

08 .

310



governi ng data comuni cation; characterized in that - the control neans

conprises a further plurality of buffer neans, each respergzl_:ﬁl_;\;_\g‘;“&@"gwqu_:t;e
"buf fer means including a respective plurality of parall¢l™'Buf¥er“seghert s
- the control neans is operative to selectively connectafsingle one ’o”f[et

=

e
buffer segnments in respective ones of the buffer neans to;ré?sae:"éfi\ﬁkn S
of the processing el enents. 2. - 3 - The systemiofl_claim1,

conprising a bus for connecting the buffer neans in parallel to the data j
port neans, and wherein the control neans are operative{tQ selectively ’
connect the .buffer segnents to the bus. 3. The system of
claim1, conprising first and second buses for transport of sequential data
at a first rate and a second rate, respectively, between the data port

means high speed 1/6 bus 02 narmal speed 1/0 bus.
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and at least a first one of the buffer neans and a second one of the buffer
means, respectively. 4. The system of claim 3, wherein the
buffer segnments of the first buffer neans have a first depth, and the

buf fer segments of the second buffer nmeans have a second depth di fferent

fromthe first depth. 5. The system of c

respective ones of the processing el gaments conprise a
unit. 6. The system of claim 2, wherein
i ncl udes a random access nenory. 7. The
wherein the random access nenory includes a page-node
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