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(57) ABSTRACT 

A computer implemented method of clipping to a clip 
polygon and trapezoid formation employs an edge array 
rather than a set linked list from an array of pointers equal 
in number to the number of scan lines. This eliminates 
storage of linked list pointers Which in the prior art included 
many null pointers resulting in better memory utilization. 
This method sorts the active edge table only at edge inter 
sections and vertices, thus eliminating much unneeded sort 
ing. This method permits integrated clipping of a subject 
polygon by a clip polygon and forming trapezoids ?lling the 
clipped area by activating trapezoid formation at every 
vertex of either polygon and at every edge intersection. 

AET(EDGE TABLE) 
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PATH TO TRAPEZOID DECOMPOSITION OF 
POLYGONS FOR PRINTING FILES IN A PAGE 

DESCRIPTION LANGUAGE 

TECHNICAL FIELD OF THE INVENTION 

[0001] The technical ?eld of this invention is printers and 
more particularly the electronics of printers that converts 
input data in the form of a page description ?le into control 
signals for the print engine. 

BACKGROUND OF THE INVENTION 

[0002] Current printers, particularly printers adapted to 
connect to a local area netWork and service plural netWork 
users, employ a page description language. PostScript is an 
example of such a page description language. Page descrip 
tion languages are programming languages that alloW com 
pact, ?exible and device independent description of a page. 
Aprint ?le in a page description language lists the text and 
graphics to be printed on the page described. The description 
of the objects to be printed must be converted into a raster 
bitmap in a process called rasteriZation in order to be 
printed. RasteriZation is the process of converting the page 
description into the individual dots making up the lines of 
the page in the order to be printed. This process enables the 
page to be printed by the print engine, Which generally prints 
the page line by line from one edge to an opposite edge. The 
page rasteriZer typically consists of an interpreter and a 
rasteriZer. The interpreter parses the input data stream and 
creates draWing primitives, termed display list elements. The 
rasteriZer does scan-conversion of these primitives. 

[0003] Many objects in computer graphics applications 
and page description languages are described through poly 
gons. Even curved shapes are generally approximated to 
nearest polygons and then rendered. To be printed or dis 
played these polygons must be converted into the scan 
technique used by the output device. Polygon scan conver 
sion may be invoked thousands of times to render a graphics 
image into a refresh buffer. This method must not only create 
satisfactory images, but also must execute as rapidly as 
possible. Especially in applications like printers, the real 
time requirements are stringent to meet. Hence, faster tech 
niques are alWays Wanted. 

[0004] Currently there are many knoWn techniques to scan 
convert a polygon. The most popular technique is based on 
the edge and scan line coherence. If scan line n intersects an 
edge of a polygon, then scan line n+1 Will generally also 
intersect the same edge. This can be exploited to scan 
convert a polygon by Working With only a set of edges for 
any scan line. This set of edges is called the active edge table 
(AET). For the next scan line the neW X intersections are 
computed by merely adding the slope of the edge to the 
current values. Any neW edges intersecting this scan line are 
added to the active edge table. Further, edges in the active 
edge table Which no longer intersect the next scan line are 
deleted. 

[0005] Clipping a polygon against another polygon is very 
common in many computer graphics applications. Espe 
cially in the PostScript page descriptions, every polygon is 
clipped against the page boundaries. In addition to this 
rectangle clipping, the PostScript language alloWs clipping 
of any irregular shape With any other irregular shape. 
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[0006] If the polygons are of irregular shape, then it may 
not be possible to scan convert them in real time. So 
polygons are typically converted to a series of trapeZoids. 
Since trapeZoids have regular shape, they may be rendered 
in real time. In PostScript page rasteriZation, the decompo 
sition of polygons to trapeZoids is done in the interpreting 
stage. If the input page description involves clipping, then 
the process of page interpretation becomes sloWer. The 
decomposition into trapeZoids is a tWo step process. The ?rst 
step is clipping tWo polygons and obtaining the resultant 
polygon. The second step is converting the resultant polygon 
to a series of trapeZoids. One Way of converting a polygon 
to trapeZoids draWs scan lines at every vertex. This ?xes the 
bottom and top scan lines for every trapeZoid. 

SUMMARY OF THE INVENTION 

[0007] This invention cures many inef?ciencies With 
knoWn scan conversion methods. This invention ef?ciently 
utiliZes the resources of a multiprocessor integrated circuit 
by spaWning of subtasks from a RISC type processor to one 
or more DSP type processors. The RISC processor is suited 
to page interpretation and control functions. SpaWning tasks 
involving sorting and successive approximation edge inter 
section calculation frees signi?cant time on the RISC for 
other interpretation tasks. The architecture of the DSP pro 
cessors is typically better suited to these spaWned tasks than 
the architecture of the RISC processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] These and other aspects of this invention are illus 
trated in the draWings, in Which: 

[0009] FIG. 1 illustrates the system architecture of an 
image processing system such as Would employ this inven 
tion; 

[0010] FIG. 2 illustrates the architecture of a single inte 
grated circuit multiprocessor that forms the preferred 
embodiment of this invention; 

[0011] FIG. 3 illustrates in block diagram form one of the 
digital image/graphics processors illustrated in FIG. 2; 

[0012] FIG. 4 illustrates in schematic form the pipeline 
stages of operation of the digital image/graphics processor 
illustrated in FIG. 2; 

[0013] FIG. 5 illustrates the architecture of the master 
processor in the preferred embodiment of this invention; 

[0014] FIG. 6 illustrates the integer pipeline operation of 
the master processor; 

[0015] FIG. 7 illustrates the ?oating point pipeline opera 
tion of the master processor; 

[0016] FIG. 8 illustrates an example polygon used to 
illustrate the operation of a prior art scan conversion tech 
nique; 

[0017] FIG. 9 schematically illustrates a edge table cor 
responding to the example polygon illustrated in FIG. 8; 

[0018] FIG. 10 schematically illustrates an active edge 
table corresponding to the example polygon illustrated in 
FIG. 8; 
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[0019] FIG. 11 schematically illustrates an edge array 
according to this invention for the example polygon illus 
trated in FIG. 8; 

[0020] FIGS. 12a, 12b and 12c schematically illustrate the 
status of the active edge array table according to this 
invention for the example polygon illustrated in FIG. 8 for 
several eXample scan lines; 

[0021] FIGS. 13a, 13b, 13c, 13d and 13e illustrate various 
intermediate stages in a prior art polygon clipping method; 

[0022] FIG. 14 illustrates another prior art polygon clip 
ping method; 
[0023] FIG. 15 illustrates a third prior art polygon clip 
ping method; 
[0024] FIG. 16 illustrates a prior art trapeZoid formation 
method; 
[0025] FIG. 17 illustrates an eXample subject polygon and 
clip polygon used in the description of the method to clip 
polygons and form trapeZoids according to this invention; 

[0026] FIG. 18 schematically illustrates the status of 
active edge tables for the subject and clip polygons during 
a ?rst portion of an eXample of the method to clip polygons 
and form trapeZoids according to this invention; 

[0027] FIG. 19 schematically illustrates the status of 
active edge tables for the subject and clip polygons during 
a second portion of the eXample of the method to clip 
polygons and form trapeZoids according to this invention; 

[0028] FIG. 20 illustrates trapeZoid formation method in 
an eXample polygon; 

[0029] FIG. 21 schematically illustrates a merge sort 
process When the edge array cannot ?t Within the on-chip 
memory of the multiprocessor integrated circuit; 

[0030] FIG. 22 schematically illustrates memory usage 
during the merge sort operation illustrated in FIG. 21; 

[0031] FIG. 23 illustrates an eXample of trapeZoids gen 
erated according to this invention; 

[0032] FIG. 24 illustrates the midpoint intersection detec 
tion process of this invention; 

[0033] FIG. 25 illustrates an eXample of the generation of 
?ll runs according to an alternative method of handling the 
case of edge intersections; 

[0034] FIG. 26 illustrates an eXample of the even-odd ?ll 
rule in formation of trapeZoids; 

[0035] FIG. 27 illustrates an eXample of the Winding 
number ?ll rule in formation of trapeZoids; and 

[0036] FIG. 28 schematically illustrates hoW master pro 
cessor spaWns subtasks to digital image/graphics processors 
in the multiprocessor integrated circuit illustrated in FIG. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] FIG. 1 is a block diagram of a netWork printer 
system 1 including a multiprocessor integrated circuit 100 
constructed for image and graphics processing according to 
this invention. Multiprocessor integrated circuit 100 pro 
vides the data processing including data manipulation and 
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computation for image operations of the netWork printer 
system of FIG. 1. Multiprocessor integrated circuit 100 is 
bi-directionally coupled to a system bus 2. 

[0038] FIG. 1 illustrates transceiver 3. Transceiver 3 pro 
vides translation and bidirectional communication betWeen 
the netWork printer bus and a communications channel. One 
eXample of a system employing transceiver 3 is a local area 
netWork. The netWork printer system illustrated in FIG. 1 
responds to print requests received via the communications 
channel of the local area netWork. Multiprocessor integrated 
circuit 100 provides translation of print jobs speci?ed in a 
page description language, such as PostScript, into data and 
control signals for printing. 

[0039] FIG. 1 illustrates a system memory 4 coupled to 
the netWork printer system bus. This memory may include 
video random access memory, dynamic random access 
memory, static random access memory, nonvolatile memory 
such as EPROM, FLASH or read only memory or a com 
bination of these memory types. Multiprocessor integrated 
circuit 100 may be controlled either in Wholly or partially by 
a program stored in the memory 4. This memory 4 may also 
store various types of graphic image data. 

[0040] In the netWork printer system of FIG. 1 Multipro 
cessor integrated circuit 100 communicates With print buffer 
memory 5 for speci?cation of a printable image via a piXel 
map. Multiprocessor integrated circuit 100 controls the 
image data stored in print buffer memory 5 via the netWork 
printer system bus 2. Data corresponding to this image is 
recalled from print buffer memory 5 and supplied to print 
engine 6. Print engine 6 provides the mechanism that places 
color dots on the printed page. Print engine 6 is further 
responsive to control signals from multiprocessor integrated 
circuit 100 for paper and print head control. Multiprocessor 
integrated circuit 100 determines and controls Where print 
information is stored in print buffer memory 5. Subse 
quently, during readout from print buffer memory 5, multi 
processor integrated circuit 100 determines the readout 
sequence from print buffer memory 5, the addresses to be 
accessed, and control information needed to produce the 
desired printed image by print engine 6. 

[0041] According to the preferred embodiment, this inven 
tion employs multiprocessor integrated circuit 100. This 
preferred embodiment includes plural identical processors 
that embody this invention. Each of these processors Will be 
called a digital image/graphics processor. This description is 
a matter of convenience only. The processor embodying this 
invention can be a processor separately fabricated on a 
single integrated circuit or a plurality of integrated circuits. 
If embodied on a single integrated circuit, this single inte 
grated circuit may optionally also include read only memory 
and random access memory used by the digital image/ 
graphics processor. 

[0042] FIG. 2 illustrates the architecture of the multipro 
cessor integrated circuit 100 of the preferred embodiment of 
this invention. Multiprocessor integrated circuit 100 
includes: tWo random access memories 10 and 20, each of 
Which is divided into plural sections; crossbar 50; master 
processor 60; digital image/graphics processors 71, 72, 73 
and 74; transfer controller 80, Which mediates access to 
system memory; and frame controller 90, Which can control 
access to independent ?rst and second image memories. 
Multiprocessor integrated circuit 100 provides a high degree 
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of operation parallelism, Which Will be useful in image 
processing and graphics operations, such as in the multi 
media computing. 

[0043] Multiprocessor integrated circuit 100 includes tWo 
random access memories. Random access memory 10 is 
primarily devoted to master processor 60. It includes tWo 
instruction cache memories 11 and 12, tWo data cache 
memories 13 and 14 and a parameter memory 15. These 
memory sections can be physically identical, but connected 
and used differently. Random access memory 20 may be 
accessed by master processor 60 and each of the digital 
image/graphics processors 71, 72, 73 and 74. Each digital 
image/graphics processor 71, 72, 73 and 74 has ?ve corre 
sponding memory sections. These include an instruction 
cache memory, three data memories and one parameter 
memory. Thus digital image/graphics processor 71 has cor 
responding instruction cache memory 21, data memories 22, 
23, 24 and parameter memory 25; digital image/graphics 
processor 72 has corresponding instruction cache memory 
26, data memories 27, 28, 29 and parameter memory 30; 
digital image/graphics processor 73 has corresponding 
instruction cache memory 31, data memories 32, 33, 34 and 
parameter memory 35; and digital image/graphics processor 
74 has corresponding instruction cache memory 36, data 
memories 37, 38, 39 and parameter memory 40. Like the 
sections of random access memory 10, these memory sec 
tions can be physically identical but connected and used 
differently. Each of these memory sections of memories 10 
and 20 preferably includes 2 K bytes, With a total memory 
Within multiprocessor integrated circuit 100 of 50 K bytes. 

[0044] Multiprocessor integrated circuit 100 is con 
structed to provide a high rate of data transfer betWeen 
processors and memory using plural independent parallel 
data transfers. Crossbar 50 enables these data transfers. Each 
digital image/graphics processor 71, 72, 73 and 74 has three 
memory ports that may operate simultaneously each cycle. 
An instruction port (I) may fetch 64 bit data Words from the 
corresponding instruction cache. A local data port (L) may 
read a 32 bit data Word from or Write a 32 bit data Word into 
the data memories or the parameter memory corresponding 
to that digital image/graphics processor. A global data port 
(G) may read a 32 bit data Word from or Write a 32 bit data 
Word into any of the data memories or the parameter 
memories or random access memory 20. Master Processor 
60 includes tWo memory ports. An instruction port (I) may 
fetch a 32 bit instruction Word from either of the instruction 
caches 11 and 12. Adata port (C) may read a 32 bit data Word 
from or Write a 32 bit data Word into data caches 13 or 14, 
parameter memory 15 of random access memory 10 or any 
of the data memories, the parameter memories or random 
access memory 20. Transfer controller 80 can access any of 
the sections of random access memory 10 or 20 via data port 
(C). Thus ?fteen parallel memory accesses may be requested 
at any single memory cycle. Random access memories 10 
and 20 are divided into 25 memories in order to support so 
many parallel accesses. 

[0045] Crossbar 50 controls the connections of master 
processor 60, digital image/graphics processors 71, 72, 73 
and 74, and transfer controller 80 With memories 10 and 20. 
Crossbar 50 includes a plurality of crosspoints 51 disposed 
in roWs and columns. Each column of crosspoints 51 cor 
responds to a single memory section and a corresponding 
range of addresses. Aprocessor requests access to one of the 
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memory sections through the most signi?cant bits of an 
address output by that processor. This address output by the 
processor travels along a roW. The crosspoint 51 correspond 
ing to the memory section having that address responds 
either by granting or denying access to the memory section. 
If no other processor has requested access to that memory 
section during the current memory cycle, then the crosspoint 
51 grants access by coupling the roW and column. This 
supplies the address to the memory section. The memory 
section responds by permitting data access at that address. 
This data access may be either a data read operation or a data 
Write operation. 

[0046] If more than one processor requests access to the 
same memory section simultaneously, then crossbar 50 
grants access to only one of the requesting processors. The 
crosspoints 51 in each column of crossbar 50 communicate 
and grant access based upon a priority hierarchy. If tWo 
requests for access having the same rank occur simulta 
neously, then crossbar 50 grants access on a round robin 
basis, With the processor last granted access having the 
loWest priority. Each granted access lasts as long as needed 
to service the request. The processors may change their 
addresses every memory cycle, so crossbar 50 can change 
the interconnection betWeen the processors and the memory 
sections on a cycle by cycle basis. 

[0047] Master processor 60 preferably performs the major 
control functions for multiprocessor integrated circuit 100. 
Master processor 60 is preferably a 32 bit reduced instruc 
tion set computer (RISC) processor including a hardWare 
?oating point calculation unit. According to the RISC archi 
tecture, all accesses to memory are performed With load and 
store instructions and most integer and logical operations are 
performed on registers in a single cycle. The ?oating point 
calculation unit, hoWever, Will generally take several cycles 
to perform operations When employing the same register ?le 
as used by the integer and logical unit. Aregister score board 
ensures that correct register access sequences are main 
tained. The RISC architecture is suitable for control func 
tions in image processing. The ?oating point calculation unit 
permits rapid computation of image rotation functions, 
Which may be important to image processing. 

[0048] Master processor 60 fetches instruction Words from 
instruction cache memory 11 or instruction cache memory 
12. Likewise, master processor 60 fetches data from either 
data cache 13 or data cache 14. Since each memory section 
includes 2 K bytes of memory, there is 4 K bytes of 
instruction cache and 4 Kbytes of data cache. Cache control 
is an integral function of master processor 60. As previously 
mentioned, master processor 60 may also access other 
memory sections via crossbar 50. 

[0049] The four digital image/graphics processors 71, 72, 
73 and 74 each have a highly parallel digital signal processor 
(DSP) architecture. FIG. 3 illustrates an overvieW of eXem 
plary digital image/graphics processor 71, Which is identical 
to digital image/graphics processors 72, 73 and 74. Digital 
image/graphics processor 71 achieves a high degree of 
parallelism of operation employing three separate units: data 
unit 110; address unit 120; and program How control unit 
130. These three units operate simultaneously on different 
instructions in an instruction pipeline. In addition each of 
these units contains internal parallelism. 

[0050] The digital image/graphics processors 71, 72, 73 
and 74 can execute independent instruction streams in the 
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multiple instruction multiple data mode (MIMD). In the 
MIMD mode, each digital image/graphics processor 
executes an individual program from its corresponding 
instruction cache, Which may be independent or cooperative. 
In the latter case crossbar 50 enables inter-processor com 
munication in combination With the shared memory. Digital 
image/graphics processors 71, 72, 73 and 74 may also 
operate in a synchroniZed MIMD mode. In the synchroniZed 
MIMD mode, the program control How unit 130 of each 
digital image/graphics processor inhibits fetching the next 
instruction until all synchroniZed processors are ready to 
proceed. This synchroniZed MIMD mode alloWs the sepa 
rate programs of the digital image/graphics processors to be 
executed in lock step in a closely coupled operation. 

[0051] Digital image/graphics processors 71, 72, 73 and 
74 can execute identical instructions on differing data in the 
single instruction multiple data mode (SIMD). In this mode 
a single instruction stream for the four digital image/graph 
ics processors comes from instruction cache memory 21. 
Digital image/graphics processor 71 controls the fetching 
and branching operations and crossbar 50 supplies the same 
instruction to the other digital image/graphics processors 72, 
73 and 74. Since digital image/graphics processor 71 con 
trols instruction fetch for all the digital image/graphics 
processors 71, 72, 73 and 74, the digital image/graphics 
processors are inherently synchroniZed in the SIMD mode. 

[0052] Transfer controller 80 is a combined direct memory 
access (DMA) machine and memory interface for multipro 
cessor integrated circuit 100. Transfer controller 80 intelli 
gently queues, sets priorities and services the data requests 
and cache misses of the ?ve programmable processors. 
Master processor 60 and digital image/graphics processors 
71, 72, 73 and 74 all access memory and systems external to 
multiprocessor integrated circuit 100 via transfer controller 
80. Data cache or instruction cache misses are automatically 
handled by transfer controller 80. The cache service (S) port 
transmits such cache misses to transfer controller 80. Cache 
service port (S) reads information from the processors and 
not from memory. Master processor 60 and digital image/ 
graphics processors 71, 72, 73 and 74 may request data 
transfers from transfer controller 80 as linked list packet 
requests. These linked list packet requests alloW multi 
dimensional blocks of information to be transferred betWeen 
source and destination memory addresses, Which can be 
Within multiprocessor integrated circuit 100 or external to 
multiprocessor integrated circuit 100. Transfer controller 80 
preferably also includes a refresh controller for dynamic 
random access memory (DRAM) Which require periodic 
refresh to retain their data. 

[0053] Frame controller 90 is the interface betWeen mul 
tiprocessor integrated circuit 100 and external image capture 
and display systems. Frame controller 90 provides control 
over capture and display devices, and manages the move 
ment of data betWeen these devices and memory automati 
cally. To this end, frame controller 90 provides simultaneous 
control over tWo independent image systems. These Would 
typically include a ?rst image system for image capture and 
a second image system for image display, although the 
application of frame controller 90 is controlled by the user. 
These image systems Would ordinarily include independent 
frame memories used for either frame grabber or frame 
buffer storage. Frame controlled 90 preferably operates to 
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control video dynamic random access memory (VRAM) 
through refresh and shift register control. 

[0054] Multiprocessor integrated circuit 100 is designed 
for large scale image processing. Master processor 60 pro 
vides embedded control, orchestrating the activities of the 
digital image/graphics processors 71, 72, 73 and 74, and 
interpreting the results that they produce. Digital image/ 
graphics processors 71, 72, 73 and 74 are Well suited to pixel 
analysis and manipulation. If pixels are thought of as high in 
data but loW in information, then in a typical application 
digital image/graphics processors 71, 72, 73 and 74 might 
Well examine the pixels and turn the raW data into informa 
tion. This information can then be analyZed either by the 
digital image/graphics processors 71, 72, 73 and 74 or by 
master processor 60. Crossbar 50 mediates inter-processor 
communication. Crossbar 50 alloWs multiprocessor inte 
grated circuit 100 to be implemented as a shared memory 
system. Message passing need not be a primary form of 
communication in this architecture. HoWever, messages can 
be passed via the shared memories. Each digital image/ 
graphics processor, the corresponding section of crossbar 50 
and the corresponding sections of memory 20 have the same 
Width. This permits architecture ?exibility by accommodat 
ing the addition or removal of digital image/graphics pro 
cessors and corresponding memory modularly While main 
taining the same pin out. 

[0055] In the preferred embodiment all parts of multipro 
cessor integrated circuit 100 are disposed on a single inte 
grated circuit. In the preferred embodiment, multiprocessor 
integrated circuit 100 is formed in complementary metal 
oxide semiconductor (CMOS) using feature siZes of 0.6 pm. 
Multiprocessor integrated circuit 100 is preferably con 
structed in a pin grid array package having 256 pins. The 
inputs and outputs are preferably compatible With transistor 
transistor logic (TTL) logic voltages. Multiprocessor inte 
grated circuit 100 preferably includes about 3 million tran 
sistors and employs a clock rate of 50 MHZ. 

[0056] FIG. 3 illustrates an overvieW of exemplary digital 
image/graphics processor 71, Which is virtually identical to 
digital image/graphics processors 72, 73 and 74. Digital 
image/ graphics processor 71 includes: data unit 110; address 
unit 120; and program How control unit 130. Data unit 110 
performs the logical or arithmetic data operations. Data unit 
110 includes eight data registers D7-D0, a status register 210 
and a multiple ?ags register 211. Address unit 120 controls 
generation of load/store addresses for the local data port and 
the global data port. As Will be further described beloW, 
address unit 120 includes tWo virtually identical addressing 
units, one for local addressing and one for global addressing. 
Each of these addressing units includes an all “0” read only 
register enabling absolute addressing in a relative address 
mode, a stack pointer, ?ve address registers and three index 
registers. The addressing units share a global bit multiplex 
control register used When forming a merging address from 
both address units. Program How control unit 130 controls 
the program How for the digital image/graphics processor 71 
including generation of addresses for instruction fetch via 
the instruction port. Program How control unit 130 includes; 
a program counter PC 701; an instruction pointer-address 
stage IRA 702 that holds the address of the instruction 
currently in the address pipeline stage; an instruction 
pointer-execute stage IRE 703 that holds the address of the 
instruction currently in the execute pipeline stage; an 
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instruction pointer-return from subroutine IPRS 704 holding 
the address for returns from subroutines; a set of registers 
controlling Zero overhead loops; four cache tag registers 
TAG3-TAGO collectively called 708 that hold the most 
signi?cant bits of four blocks of instruction Words in the 
corresponding instruction cache memory. 

[0057] Digital image/graphics processor 71 operates on a 
three stage pipeline as illustrated in FIG. 4. Data unit 110, 
address unit 120 and program How control unit 130 operate 
simultaneously on different instructions in an instruction 
pipeline. The three stages in chronological order are fetch, 
address and execute. Thus at any time, digital image/graph 
ics processor 71 Will be operating on differing functions of 
three instructions. The phrase pipeline stage is used instead 
of referring to clock cycles, to indicate that speci?c events 
occur When the pipeline advances, and not during stall 
conditions. 

[0058] Program How control unit 130 performs all the 
operations that occur during the fetch pipeline stage. Pro 
gram ?oW control unit 130 includes a program counter, loop 
logic, interrupt logic and pipeline control logic. During the 
fetch pipeline stage, the next instruction Word is fetched 
from memory. The address contained in the program counter 
is compared With cache tag registers to determine if the next 
instruction Word is stored in instruction cache memory 21. 
Program How control unit 130 supplies the address in the 
program counter to the instruction port address bus 131 to 
fetch this next instruction Word from instruction cache 
memory 21 if present. Crossbar 50 transmits this address to 
the corresponding instruction cache, here instruction cache 
memory 21, Which returns the instruction Word on the 
instruction bus 132. OtherWise, a cache miss occurs and 
transfer controller 80 accesses external memory to obtain the 
next instruction Word. The program counter is updated. If the 
folloWing instruction Word is at the next sequential address, 
program control How unit 130 post increments the program 
counter. OtherWise, program control How unit 130 loads the 
address of the next instruction Word according to the loop 
logic or softWare branch. If the synchroniZed MIMD mode 
is active, then the instruction fetch Waits until all the 
speci?ed digital image/graphics processors are synchro 
niZed, as indicated by sync bits in a communications regis 
ter. 

[0059] Address unit 120 performs all the address calcula 
tions of the address pipeline stage. Address unit 120 includes 
tWo independent address units, one for the global port and 
one for the local port. If the instruction calls for one or tWo 
memory accesses, then address unit 120 generates the 
address(es) during the address pipeline stage. The 
address(es) are supplied to crossbar 50 via the respective 
global port address bus 121 and local port address bus 122 
for contention detection/prioritization. If there is no conten 
tion, then the accessed memory prepares to alloW the 
requested access, but the memory access occurs during the 
folloWing execute pipeline stage. 

[0060] Data unit 110 performs all of the logical and 
arithmetic operations during the execute pipeline stage. All 
logical and arithmetic operations and all data movements to 
or from memory occur during the execute pipeline stage. 
The global data port and the local data port complete any 
memory accesses, Which are begun during the address 
pipeline stage, during the execute pipeline stage. The global 
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data port and the local data port perform all data alignment 
needed by memory stores, and any data extraction and sign 
extension needed by memory loads. If the program counter 
is speci?ed as a data destination during any operation of the 
execute pipeline stage, then a delay of tWo instructions is 
experienced before any branch takes effect. The pipelined 
operation requires this delay, since the next tWo instructions 
folloWing such a branch instruction have already been 
fetched. According to the practice in RISC processors, other 
useful instructions may be placed in the tWo delay slot 
positions. 

[0061] Digital image/graphics processor 71 includes three 
internal 32 bit data busses. These are local port data bus 
Lbus 103, global port source data bus Gsrc 105 and global 
port destination data bus Gdst 107. These three buses 
interconnect data unit 110, address unit 120 and program 
How control unit 130. These three buses are also connected 
to a data port unit 140 having a local port 141 and global port 
145. Data port unit 140 is coupled to crossbar 50 providing 
memory access. 

[0062] Local data port 141 has a buffer 142 for data stores 
to memory. A multiplexer/buffer circuit 143 loads data onto 
Lbus 103 from local port data bus 144 from memory via 
crossbar 50, from a local port address bus 122 or from global 
port data bus 148. Local port data bus Lbus 103 thus carries 
32 bit data that is either register sourced (stores) or memory 
sourced (loads). Advantageously, arithmetic results in 
address unit 120 can be supplied via local port address bus 
122, multiplexer buffer 143 to local port data bus Lbus 103 
to supplement the arithmetic operations of data unit 110. 
This Will be further described beloW. Buffer 142 and mul 
tiplexer buffer 143 perform alignment and extraction of data. 
Local port data bus Lbus 103 connects to data registers in 
data unit 110. A local bus temporary holding register LTD 
104 is also connected to local port data Lbus 103. 

[0063] Global port source data bus Gsrc 105 and global 
port destination data bus Gdst 107 mediate global data 
transfers. These global data transfers may be either memory 
accesses, register to register moves or command Word 
transfers betWeen processors. Global port source data bus 
Gsrc 105 carries 32 bit source information of a global port 
data transfer. The data source can be any of the registers of 
digital image/ graphics processor 71 or any data or parameter 
memory corresponding to any of the digital image/graphics 
processors 71, 72, 73 or 74. The data is stored to memory via 
the global port 145. Multiplexer buffer 146 selects lines from 
local port data Lbus 103 or global port source data bus Gsrc 
105, and performs data alignment. Multiplexer buffer 146 
Writes this data onto global port data bus 148 for application 
to memory via crossbar 50. Global port source data bus Gsrc 
105 also supplies data to data unit 110, alloWing the data of 
global port source data bus Gsrc 105 to be used as one of the 
arithmetic logic unit sources. This latter connection alloWs 
any register of digital image/graphics processor 71 to be a 
source for an arithmetic logic unit operation. 

[0064] Global port destination data bus Gdst 107 carries 
32 bit destination data of a global bus data transfer. The 
destination is any register of digital image/graphics proces 
sor 71. Buffer 147 in global port 145 sources the data of 
global port destination data bus Gdst 107. Buffer 147 
performs any needed data extraction and sign extension 
operations. This buffer 115 operates if the data source is 
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memory, and a load is thus being performed. The arithmetic 
logic unit result serves as an alternative data source for 
global port destination data bus Gdst 107. This alloWs any 
register of digital image/graphics processor 71 to be the 
destination of an arithmetic logic unit operation. A global 
bus temporary holding register GTD 108 is also connected 
to global port destination data bus Gdst 107. 

[0065] Circuitry including multiplexer buffers 143 and 
146 connect betWeen global port source data bus Gsrc 105 
and global port destination data bus Gdst 107 to provide 
register to register moves. This alloWs a read from any 
register of digital image/graphics processor 71 onto global 
port source data bus Gsrc 105 to be Written to any register 
of digital image/graphics processor 71 via global port des 
tination data bus Gdst 107. 

[0066] Note that it is advantageously possible to perform 
a load of any register of digital image/graphics processor 71 
from memory via global port destination data bus Gdst 107, 
While simultaneously sourcing the arithmetic logic unit in 
data unit 110 from any register via global port source data 
bus Gsrc 105. Similarly, it is advantageously possible to 
store the data in any register of digital image/graphics 
processor 71 to memory via global port source data bus Gsrc 
105, While saving the result of an arithmetic logic unit 
operation to any register of digital image/graphics processor 
71 via global port destination data bus Gdst 107. The 
usefulness of these data transfers Will be further detailed 
beloW. 

[0067] Program ?oW control unit 130 receives the instruc 
tion Words fetched from instruction cache memory 21 via 
instruction bus 132. This fetched instruction Word is advan 
tageously stored in tWo 64 bit instruction registers desig 
nated instruction register-address stage IRA 751 and instruc 
tion register-execute stage IRE 752. Each of the instruction 
registers IRA and IRE have their contents decoded and 
distributed. Digital image/graphics processor 71 includes 
opcode bus 133 that carries decoded or partially decoded 
instruction contents to data unit 110 and address unit 120. As 
Will be later described, an instruction Word may include a 32 
bit, a 15 bit or a 3 bit immediate ?eld. Program ?oW control 
unit 130 routes such an immediate ?eld to global port source 
data bus Gsrc 105 for supply to its destination. 

[0068] Digital image/graphics processor 71 includes three 
address buses 121, 122 and 131. Address unit 120 generates 
addresses on global port address bus 121 and local port 
address bus 122. As Will be further detailed beloW, address 
unit 120 includes separate global and local address units, 
Which provide the addresses on global port address bus 121 
and local port address bus 122, respectively. Note that local 
address unit 620 may access memory other than the data 
memory corresponding to that digital image/graphics pro 
cessor. In that event the local address unit access is via 
global port address bus 121. Program ?oW control unit 130 
sources the instruction address on instruction port address 
bus 131 from a combination of address bits from a program 
counter and cache control logic. These address buses 121, 
122 and 131 each carry address, byte strobe and read/Write 
information. 

[0069] FIG. 5 shoWs a simpli?ed diagram of master 
processor 60. Major blocks of master processor 60 are: a 
?oating point unit (FPU) 201; a register ?le (RF) 202; a 
register scoreboard (SB) 203 that ensures results of ?oating 
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point operations and memory loads are available before they 
are used as sources and arbitrates betWeen data cache and 
?oating point unit 201 for access to their shared Write port 
to register ?le 202; a data cache controller 204 Which also 
handles the interface to the on-chip memory via the crossbar 
and to external memory via transfer processor 80; a barrel 
shifter (BS) 205 that performs shift instructions; compare to 
Zero logic 206; left most one/right most one detection logic 
(LMO/RMO) 207; integer arithmetic logic unit (ALU) 208 
used for add, subtract and logical operations and to compute 
branch target address during relative branches; interrupt 
pending register (INTPEN) 209 that receives master pro 
cessor interrupt signals; interrupt enable register (IE) 210 
that selectively enables or disables interrupts; program 
counter register (PC) 211 holds the address of the instruction 
to be fetched; program counter incrementer (INC) 212 that 
increments program counter 211 to point to the next instruc 
tion, With the incremented value can also be routed to the 
register ?le as a “return” or “link” address; instruction 
decode logic (DECODE) 213 that decodes instruction and 
supplies control signals to the operating units; instruction 
register (IR) 214 that holds the address of the instruction 
being executed; immediate register (IMM) 215 that stores 
any instruction immediate data; and the instruction cache 
controller (ICACHE) 216, that provides instructions to be 
executed, interfaces to transfer processor 80 for cache ?lls. 

[0070] FIG. 6 shoWs the basic pipeline used in master 
processor 60. Master processor 60 has a three stage pipeline 
including fetch, execute and memory stages. FIG. 6 shoWs 
hoW three instructions through the pipeline. During the fetch 
stage of the pipeline program counter 210 is used to address 
the instruction cache and read a 32 bit instruction. During 
the execute stage the instruction is decoded, the source 
operands read from the register ?le, the operation per 
formed, and a result Written back to the register ?le. The 
memory stage is only present for load and store operations. 
The address calculated during the execute stage is used to 
address the data cache and the data are read or Written. If a 
miss occurs on the instruction cache, the fetch and execute 
pipelines are stalled until the request can be serviced. If a 
miss occurs on the data cache, the memory pipeline stalls, 
but the fetch and execute pipelines continue to ?oW, until 
another memory operation needs to be initiated. 

[0071] FIG. 7 shoWs the basic pipeline for ?oating point 
unit 201. The fetch stage is the same as the fetch stage of 
integer operations previously described. During the unpack 
stage of a ?oating point instruction, all data necessary to 
begin the ?oating point operation arrives including source 
operands, opcode, precisions and destination address. The 
tWo source operands are read from the register ?le. Operands 
are then unpacked into sign, exponent, mantissa ?elds and 
the detection of special cases takes place. Input exceptions 
are detected in this cycle. And input exceptions Will be piped 
through ?oating point unit 201 and Will be signaled on the 
same cycle as a single precision output exception. The other 
special cases involving signaling not-a-number, quiet not 
a-number, in?nity, denormal, and Zero, are also detected and 
this information, Which is not visible to user, Will folloW the 
data through the different pipeline stages of ?oating point 
unit 201. 

[0072] All computation takes place during the operate 
stage. Depending on the type of instruction, several cycles in 
the operate stage may be required. 
























