A MASSI VELY MULTI PLEXE[b SUPERSCALAR HARVARD ARCHI TECTURE COVPUTEI@(MP C,Offj
The preséfnt ¥nvention denerally relates to computer architectures and
particularly to a conpound superscal ar Harvard architecture mni croprocessor
whi ch uses 5 extensive nultiplexing and a very-wide instruction word
format.: A conputer which includes the follow ng two
characteristics is generally referred to as having a "Harvard"
architecture. Nanely, the conputer will be designed with separate .

i nstruction and data stores, and i ndependent buses will be provided to
enabl e the central processing unit ("CPU ") of the conputer to

comrunl cate separately with each of these stores. 10 This is in contrast to
a "von Neumann" or "Princeton" based conputer architecture, which °

general |y enploys t he ana¥avERWRILARkExSI<0piRsdaQhR IRVARD ARhITEE DR RMPERR dat a,
and a single bus structure for communication with the CPU. Various

approaches have been taken to desi g‘?%’tq% a m croconputer or
m croprocessor wth a Har VAR M 0!y relates fospPRISE ATRIEF T B
fol l owing patents: paitigearly teea coppountsuBerscpiat Haryerd jrshiteGuid BukrqpgiFessor whichaeson Jul y

23,1991, entitl ed extensive multiplexing and a very wide instruction word format.

' _ A computer which includes the following two characteristics is generally referred
to as having a "Harvard" architecture. Namely, the computer will be designed with separate
instruction and data stores, and independent buses will be provided to enable the central
processing unit ("CPU") of the computer to communicate separately with each of these stores.

10 Thisisin contrast to a “von Neumann" or "Princeton” based computer architecture, which
generally employs the same physical store for both instructions and data, and a single bus
structure for communication with the CPU. Various approaches have been taken to designing
a microcomputer or microprocessor with a Harvard architecture, as represented by the
following patents: Yasui et al. U.S. Patent No. 5,034,887, issued on July 23, 1991, entitled

15 “Microprocessor With Harvard Architecture"; Portanova et al. U.S. Patent No. 4,992,934, issued
on Feb. 12, 1991, entitled "Reduced Instruction Set Computing Apparatus And Methods";
Mehrgardt et al. U.S. Patent No. 4,964,046, issued cn Oct. 16, 1990, entitied "Harvard
Architecture Microprocessor With Arithmetic Operations And Control Tasks For Data Transfer
Handled Simultaneously”; and Simpson U.S. Patent No. 4,494,187, issued on Jan. 15, 1985, _

20 entitled " Microcompﬁter With High Speed Program Memory". Additionally, it should be noted
that the Intel 860 64-bit microcomputer has been described as having an on-board Harvard
architecture, due to the provision of separate instruction and data cache paths. In this regard, 2
description of the Intel i860 chip design may be found in i860 Microprocessor Architecture, by
Neal Margulis, Osborne McGraw-Hill, 1990.

25 The use of separate instruction and data communication paths in a Harvard -
architecture machine effectively increasesthe overall speed of the computer by enabling an
instruction to be accessed at the same time that data for this or another instruction is accessed.
In the context of programmed operations, the instruction is usually referred to asthe
‘op&ode" {the operationcode), and the data is referred to the “operand”. While the benefitin

30 speed of using the Harvard architecture is significant, the full potential of a machine based
upon the Harvard architecture, has yet to be realized. However, a significant advance in the
design of a Harvard architecture computer features the use of an address store for containing
an ordered sequence of program memory addresses. The address store (referred to as “queue
memory™) d_etermines the sequence of operations 1o be implemented through its stack of

35 Pprogram memory addresses. In this regard, each of these program memory addresses identify
the location of the first instruction of a particular subroutine which is contained in the program

_ memory. The address store may also contain the address of one or more subroutine arguments

whichis, in turn, contained in either a value store or in a data memory. Thus, the address store
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15 "Mcroprocessor Wth Harvard Architecture”; Portanova et al. U S

Patent No. 47992, 934, issued on Feb. 12, 1991 entltled "Reduced
Instruction_Set Conputing Apparatus Apd-Mathg ] Mehrgardt et al. U S
Pat ent No. 4, 964, 046, |ssued on Cct. [ "Harvard

Ar chi tectureTlMSIrea cédi t h Ari tiihnet | REPRACEDI ons And Control Tasks
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architecture, due to the provision of separate instruction and data cache
paths. In this regard, a description of the Intel 1860 chip design may
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i ncreasest he overal | spee#hepfesenhigvegimpetiosly biilds wpamthk advepcaeffered by quagd r uct i on
to be accessed at rhdiRnySRAR altd réBReskrtdlsighlfdam dbgdrtule o phdr HamHE HNitedt® t r UCt i ON
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is usually referr
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t he Harvard archi t3@epragrempigs Sexiilipyf i cant, the full potential of a machine
based upon the Harvard»samaihrsmﬁ\ubﬁhedmémwémibruobswawia'rvmdzcmtdom&ver a

si gni ficant advanagsek Rucwﬂﬁ)cessor wﬁ&%‘cﬂﬁbt@@f p@rﬂhﬂfny @l dial Bpdedliohsid st instPIRA. er
features the use store for contalning an or ered sequence

of program marm?%/q;cd’gmgs Y su(:E’m’l‘h"esaddr ess store (referred to as clueue
nmenory") determnes the sE&ﬂ'é"rﬂ?éblb'*‘"‘ﬁ’ﬁ@l‘E’F?EBH%V"'E‘B"E)%"’?"W&FE?P@maéﬂ‘ tHBugh
its stack of 35 prtagdmirrorersoywhididnabisaingle instnictiongo mekgauliipie emedf ttefantehese
program menory addb@sse Sonddféhtsi ingle dock BRlel 0cation of the first instruction

of a part i cular subrouti nﬁlsmrﬁnoh&tlﬁoﬁhghggmsJ\ ?tFoneo[pngQEQMard ar%qucm?gy'

The address store ¥ al so cont ai one ? nor e subrouti ne
argunent s whi RSP Dicrapppeqssgr phichemRipY P FROGVIPS P RiRR Pord fmat eI PBPistelr in a
data nmenory. Thus  eliminatesthieyreed;for mitroqoge decoding or even an instruction register.

1t is an additional objective of the present invention to provide a Harvard

architecture based microprocessor which employs paraliel processing to achieve compound
superscalar operations.

20 ' -t is stilf another objective of the present invention to provide a Harvard
architecture based microprocessor which efiminates inefficiencies that could arise when a
branch or jump operation is encountered in pipelined instructions.

ftis still a further objective of the present invention to provide a Harvﬁrd
architecture based microprocessor which avoids a metastable condition in which data changes

25 atthesame time as the clock.

itis yet another objective of the present invention to provide a Harvard
architecture based microprocessor which is capable of i mexpenswe implementationin an
application specific integrated circuit ("ASIC").

To achieve the foregoing objectives, the present invention provides a massively

30 multiplexed central processing unit {"CPU") which has a plurality of independent

-computational circuits, a separate internal result bus for transmitting the resultant output from
each of these computatidnal circuits, and a plurality of general purpose registers coupled to
each of the computational circuits, Each of the general purpose registers have multiplexed
input ports which are connected to each of the result buses. Each of the general purpose

35 registérs also have an output port which is connected to a muitiplexed input port of at least
one of the computational circuits. Each of the computational circuits are dedicated to at least
one unique mathematical function, and at least one of the computatianal circuits include at
least one logical function. Atleast one of the computational circuits includes a plurality of
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2 may be utilized as a | ocation server for both the program nenory and
the dat ?"Wr whi ch is based upon the harvard
architect . _ SUMMARY OF THE | NVENTI ON It
is an object . of tH& latedi nvention Liorate one or nore

di sadvant ag art. mg@}ﬁk‘?gmts%él-n% spect of the
present inve \ ! provided ijh a hayaRaEefr Chi tlect ure conput er
havi ng separ ontrol buses, : = Lgn and program
control architecture conprising: a data mani pul ation architecture having:
at | east .one processor having a plurality of execution units, including a
first execution unit and a second execution unit, each of said plurality
of execution units being coupled to said nmaster data bus; said execution
units each being confi% red to fully performa dedjcated conBut at i onal
fUnCti on wi t hi n-sAPEUrESHPErsRIP papemalict and gl rosssang sy 19 A1 bt tplger
coupl ed i n paral | &¢rseigstingfing oftpesesuitantiautrytsiiersranspistienion it relibus- f | owi ng on sai d
master data bus is sinul trecewaslestutes aidrnirginstr@tigaedid Ohichaxe @ tHriesaihassigriet S ;
sai d execution UmitictatidRdthEkpresent the selection and operation codes for each of the CPU components.
5 These selection codes are directly transmitted to each of the CPU components by a program

control circuit. A separate data control circuit and data bus is further provided in achieving a
Harvard architecture design for the CPU.
The CPU according to the present invention not only provides true superscalar
operation, but some of its operations are sufficiently fast such that multiple uses may be made
1g of the same components in a single clock cycle. For example, the contents of a general purpose
register may be added io one in an incrementer computational processor, and then this value
may be stored back in the same general purpose register during the same clock cydle.
. in one form of the present invention, the CPU also includes a plurality of source
multiplexer circuits which are interposed-between the general purpose registers and the
15 computational units for maximizing the potential selectivity available in terms of the range of
inputs for the computational processors. Additionally, the CPU includes a selectively
addressable stack circuit which doas not necessarily require a push/pop operation.
Furthermore, an on-chip local random access memory ("RAM™) circuit is p}ovided to
supplement or compliment the capabilities of the general purpose registers. As with most of
20 thecomponentsin the CPU, the local RAM is multiplexed, so that it may write values from a
variety of sources. The CPU also features a logicanalyzer port which provides a window into the
internal operations of the CPU. '
Additional features and advantages of the present invention will become more
fully apparent from a reading of the detailed description of the preferred embodiment and the
25 accompanying drawings in which:
Figure 1is a block diagram of a basic computer circuit which includes the CPU
according td the present invention.
Figure 2 is a simplified block diagram of the CPU shown in Figure 1.
_ Figures 3A-3D provide a more detailed block diagram of the CPU shown in Figures
30 land2. ) '
Figures 4A-4D illustrate various word formats employed by the CPU.
Figures 5A-5H provide a general schematic diagram of the CPU shown in Figures
1,2and 3A-3B.
. Figure 6 is a timing diagram which illustrates the clock signals employed by the
35 CPU.
Figure 7 is a detailed block diagram of a brigaded latch circuit of the type
employed in several component of the CPU.

-3



configured such that each performs its dedicated conputational function
within $aid “single clock cycle: a plurality of local data buses, including
a first data.bus coupled to said first execution unit and a second data
bus coupled to said second execution unit, said |ocal data buses being
coupled to a programmably selectable nmultiplex circuit; at |east one

regi ster having a plurality of programmably selectable ports, including a
master port for coupling to said naster data bus, a first port for coupling
to said~first data bus and a second port for coupling to said second data
bus; a programcontrol architecture having: a nenory coupled to said
master control bus for storing at |east one very long instruction word
control instruction; an interface for coupling each of said plurality of
execution units and said register to said master control bus; said
interface defining very |4 8isageinied Ploghiiagiamar he/pireAferist soreytetional PrRassofraps
predet erm ned fi el ¢howpinfigaded VLIW control instruction to predeterm ned
ones of said execution uniddurednd dewdiled blo&WiaGiam bf thSatidéh corfPRIFNGHAI pRbteksdr Holhn
interface being opgirRBlks in a single operation cycle to deliver control

i nstr I on [ X € ion uni d said register, each execution unit
anzt r g;lt s?e? to said exec Iiguf'zc)e 10il§|adettasnlemock§iagram oft comparator%mwnin figure 2.

Figure 11 is a detailed block diagram of the general purpose registers shown in
Figure 2.
Figure 12 is a detailed block diagram of the program memory control circuit
shown in Figure 2. '
10 Figure 13 is a detailed block diagram of the data memory control circuit shown in
Figure 2.
Figure 14A is a detailed block diagram of the que memory control circuit shown in
Figure 2. Figures 148-14C provide diagrams of the word formats employed by the que memory
control circuit.
15 Figures 15A-15B provide detailed black diagrar;'ls of the output circuit shownin
Figure 2. .
Figure 16 is a detailed block diagram of the interrupt circuit shown in Figure 38.
Figure 17 is a detailed block diagram of the error tracking circuit shown in Figure

38. .
20 Figure 18 is a detailed black diagram of the stack circuit shown in Figure 2.
Figure 19 is a detailed block diagram of the rotate/merge circuit shown in Figure
3D.
Figure 20 is a detailed biock diagram of the boolean calculator shown in Figure
3D.
25 Figures 21A-21C provide detailed block diagrams of the multiplier shown in
Figure 3D. = '

Figure 22 is a detailed block diagram of the divider circuit shown in Figure 3C.
Figures 23A-23C provide a detailed block diagram of the binary to BCD converter
shown in Figure 3D.
30 Figure 24 is a detailed block diagram of the parity checker shown in Figure 3D.
Figures 25A-25C provide a detailed block diagram of the compression circuit
shown in Figure 3D.
Figure 26 is a detailed block diagram of the inflation circuit shown in Figure 3D.
Figures 27A-278B are diagrams of exemplary single instructions for the CPU of
35 Figure 1.
Referring to Figure 1, a block diagram of a basic computer circuit 10 is shown
which includes the CPU 12 according to the present invention. The CPU 12 may be referred to
herein as a microprocessor, in that CPU 12 is preferably embodied in a single integrated circuit.
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3 receiving said control instructions that correspond to the predeterm ned
fields mappedl to that execution unit or register; said nmultiplex circuit
bei ng responsive to said control instructions to selectively couple one of
said first and second data buses for selective access by said register;
said regi ster being responsive to said control instructions to open
comuni cation with a selected one of said first data bus and second data
bus and to store a copy of the data extant on said sel ected bus; whereby
said data mani pul ation and said programcontrol architectures cooperate to
si mul t aneously perform plural data processing operations in a single
operation cycle by progranmatically routing data anong said separate
execution units and said regi ster based on said very long instruction word
(VLIW control instruction. According to another aspect of the
present inventi on>H#lehe ompytengirgis d0 mavbersfarad o apriieaeTPHE. Biterrlienpinde of
perform ng nore t HNenip) Ofe Hoperqit should barppreditarthe trelaciléblanpmbelaturadesl cent r al
processing unit haidohght thakl e SapBBATRY of tHaURertiBRlinsdif, MRRAUELUBst M N Oih &SR AIDRY

CPU 12 s the unit of the pfesent invention which executes programmed instructions, and as will
's apparent from the description below, it is quite capable of rapidly performing a multiplicity of

intensive and complex computational tasks.

In one embodiment according to the present invention, the CPU 12 may be
constructed through the use of a large scale Application Specific Integrated Circuit (" ASIC").

An ASIC is a type of integrated circuit which includes a significant number of logic gates that

10 may be connected together to perform specific circuit functions. For example, the CPU 12 may
be embodied in the 391 pin LCA 100K ASIC device by LS| Logic, Corp., Milpitas, CA. This
particular ASIC device contains approximately 247,000 AND gates that may be combined
together to forma variety of different circuits. An ASICimplementation has the advantages of
being relatively small, fast, and inexpensive. However, it shouid be appreciated that other

15 suitable integrated circuit technologies may be employed to c.onstruct_ CPU 12inthe
appropriate app]icaﬁon, including a fully custom integration.

As illustrate;i in Figure 1, the CPU 12 includes a data memory control circuit 14, a
program memory controi circuit 16 and a queue memory control circuit 18. Each of these three
memory‘control circuits operate separately and concurrently, so that data, program

20 instructions, and program pointers may all be accessed internally in the same fundamental
clock cycie for the CPU 12. in this regard, the computer circuit 10 may utilize an external data
memory system 20, an external program memory system 22 and an external queue memory
system 24. However, it should be appreciated that these external memory systems could also
be integrated with the CPU 12 in the appropriate application. it should alsc be noted that the

25 data memory system 20 may inciude both a memory which is private to the CPU 12 and a
memory which may be shared between the CPU 12 and other computer devices. For example, a
shared memory may be provided to facilitate the transfer of signals to and from the CPU 12
with a computer device which is dedicated to handling communications with other computer
entities.

30 As further shown in Figure 1, the CPU 12 provides a 40-bit data bus 26 and a 24-
bit data memory address bus 28, which are both externally accessible for interfacing with the
data memory system-20. Accordingly, it should be appreciated that the CPU 12 has the
capability to address up to 16,777,216 40-bit data words. A read/write line 30 is also provided
to direct the flow of data into and out of the CPU 12. In contrast to the above, the CPU 12

35 providesa 120-bit program databus32and a 24-bit program memory address bus 34 for
interfacing with the program memory system 22. Aswill be discussed more fully below, 80-bits
of the very wide 120- bit program data word are used to direct the operation of specific
components in the CPU 12. .The remaining 40-bits of the 120-bit pragram data word mirror the
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bus, said central processing unit conprising: a plurality of independent.
conput ati onat processors; at |east one of said independent conputational
processors having a processor output port and a programmably controllable
mul ti pl exed processor input port coupled to a plurality of different data
sources; each of said independent conputational processors having a
plurality of individual execution units that each fully perforns a

dedi cated conputational function within said single clock cycle, said
execution units being.coupled in parallel to said multiplexed processor

I nput port such that data flow ng through said processor input port is
simul taneously available to all execution units of the conputational
processor, and said execution units being coupled in parallel through a
programmably controlled multiplexed output port coupled to said processor
output port; a plfImagafihy 4gmbit “E@m% &ytais regasd, ppi SGF"'%"&P'd"'P‘é@P%bE‘\é‘f'%ayﬁa'd‘ie‘i’ﬂj’ a
progr anmabl y cont rimsbrperbie@rogramined ¢ekaax axressygiiies ineg aniinsyustion DinetCPE O ritse Eaatles b O
each sai d processQei-biileRédatdtRl #6:anddbd-bR déede Mémorpaitdss bRGb ot iRleFadhdWith ghed

register output p%éueﬁ:‘&ﬂ%ﬁ}s@ﬂ:& Qheszﬁ-b@kuﬁ&e%%%&%edf&ﬁwqum%m Bls38%. | east

one of said co r & linked to

each said reglngt e% egl?f' {JFB b'}tfa“’fmd?'"é%‘?'éfs\‘/’? NG '“°np %rgz'fr'{‘s"ﬁ%"f"fysﬁe ta words

on said data neno ﬁ-&gwever. lt should be understood that each of the bus wudths provided above may be
increased or decreased to accommodate a particular implementation. Nevertheless, it should
be appreciated that the width of the program data bus 32 should be sufficiently large to specify
each of the opcodes that determine the tasks that couid be executed by the CPU 12.

10 Asillustrated in Figure 1, the CPU 12 includes a plurality of separate and
simultaneously operable computational processors. More specifically, Figure 1 shows the
provision of a main math unit 40, an adder unit and an incrementer unit. For purposes of
illustration, the adder and incrementer units are combined under reference numeral 42, even
though these units represent independent computational processors. While the adder and

15 incrementer units 42 are dedicated to the functions explicit in their names, the main math unit
40includes a nﬁmber of simuitaneously operable mathematical and logical circuits. For
example, the main math unit 40 includes circuits for subtracting, dividing, multiplying,
converting binary values to a binary-coded-decimal (*BCD") format, logical ANDing, logical
ORing and logical ExORing. However, the main math unit includes an output multiplexer

20 <circuit which selects one of the resultant outputs for transmission to other circuits in the CPU
12. '

The CPU 12 further features a plurality of general purpose registers, a local RAM
circuit, and an error tracking cistuit. For illustration purposes, these particular components are
generally identified by reference numeral 44. Similarly, for sake of illustration at this point,

25 Seﬁeral other circuit companents are generally represented by miscellaneous circuits 46. These
circuits include a 40-bit wide logic analyzer muitiplexer, a comparator circuit, an interrupt
circuit, and data compression/expansion circuits. it shouid also be noted that the CPU 12
receives one 72MHz clock signal, which provides the fundamental clock frequency for the CPU
12. However, as will be described in connection with Figure 6, the misceltaneous circuits 46

30 generate several different clock signals from this fundamental clock frequency.

Turning now to Figure 2, a simplified block diagram of the CPU 12 isshown in
order to provide an overview of internal multipiexing and bus structures according to the
present invention. As briefly mentioned above, the CPU 12 includes a plurality of general
purpose registers 100. Each of these general purpose registers are capable of receiving, storing

35 and transmitting a 40-bit wide data word. In the embodiment de;cribed herein, a total of five
general purpose registers are provided. This number of general purpose registers is related to
the number-of tasks for which it would be desirable to facilitate simultaneous execution. For
example, it will be shown below that the CPU 12 has three major computational buses.
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bus, said data nenory control neans having a data nenory output port
connected tof said processor input port of at |east one of said

conput ational processors; and a program control neans for receiving an

i nstruction word from said program nenory bus wherein said instruction
word includes portions defining a series of assigned bit |ocations to
represent sel ection codes for progranmably controlling each said processor
i nput port, each said nultiplexed output port, "and ‘each said nultipl exed
regi ster input port, said programcontrol nmeans for further directly
transmtting said selection codes to each said processor input port, each
said nultiplexed output port, and each said nultiplexed register input
port to programmably control each said processor input port and each sai d
regi ster input port such that the follow n q single
clock cycle: (a) A“t‘?fﬁ’ﬂlg'ytf?\?"é\’h&‘f"ébeéblﬁ?‘? Bife F%‘e§a°“f!’°ﬁl’?95ée§f§%’r"a? ﬁﬁ‘ﬁfp”]o’& it from
one of said pl uraphegesuignttignsefited oriefeir! Yistncenry iaiprabiBrt cHamgussdt sevidber | r st
portion of said i Rsiréciagddititunthanunther df Gonembrispoefregisgerstinay be modified in the appropriate

application. With respect to this particular embodiment, Figure 2 shows that each of the

5 general purpose registerﬁ 100 are connected to an 51 multiplexer 102, an 52 multiplexer 104, an
adder circuit 106, an incrementer circuit 107, a comparatdr circuit 108 and the data memory
control ciréuit 14. Certain ones of the general purpose registers 100 are also connected to other
components in the CPU 12 as well. However, these connections have not been itlustrated in the
simplified block diagram of Figure 2.

10 The 1 multiplexer 102 and the 52 muitiplexer 104 enable the 40-bit data words
from each of the general purpose registers 100 to be selectively directed to the circuits
contained in the main math unit 40. For purposes of illustration, the main math unit 40 is
shown in Figure 2 to comprise a math block 110, a logic block 112 and an output muitiplexer
114. Aswill be discussed below, the math block 110 includes a plurality of mathematical

15 Pprocessing circuits, and the logic block 112 includes a plurality of logic processing circuits. In
this regard, it should be noted that the 40-bit wide output bus from the $1 multiplexer 102 is
connected to each of processing circuits contained in the main math unit 40. Likewise, the 40-
bit wide output bus from the 52 multiplexer 104 is connected to each of the processing circuits
contained in the main math unit 40, except for those components as shown in figure 3D.

20 Accordingly, it should be understood that the CPU 12 provides substantial multipléxing
flexibility in terms of directing the contents of the general purpose registers 100to particular
processing circuits in the main math unit 40. Additionally, and importantly, it should be noted
that each of the processing circuits in the main math unit 40 will execute their assigned tasks at
the same time, and the main math multiplexer 114 may then be employed to select which

25 resultant answer is desired. For example, the main math unit 40 will add the S1 and 52 data
words, as well as fogically AND these two data words, at the same.time without further
direction or selection. The main math multiplexer 114 is instructed to select which of these
resultants will be utilized by other components in the CPU 12. It should also be noted that the
‘main math multiplexer 114 may simply select the $1 multiplexer data word or the 52

30 Multiplexer data word as its output in lieu of one of the mathematical and {ogical resuitants
provided toiit.

The 40-bit data word output from the main math unit bus 116 provides one of
three major computational data buses which are contained within the CPU 12. The other two
computational data buses 118-120 are derived from the adder circuit 106 and the incrementer

35 circuit 107 respectively. The adder circuit 106 and the incrementer circuit 107 are both 40-bit
full adders with sign. Each of these three computational data buses are connected to each of
the general purpose registers 100. An input multiplexer is provided in each of the circuits
which comprise the general purpose registers 100 in order to enable a selection td;'be made
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execution units concurrently perfornms its conputational function upon said
I nput data: %(c) said nultiplexed output port couples the conputational

out put of one of said execution units to said processor output port based
on a second portion of said instruction wrd; (d) the register input port
of each of said registers couples to one of said processor output ports
based on a third portion of said instruction word. According to stil
anot her aspect of the present invention there is provided in a conputer
havi ng a data nmenory, a program nenory and separate data nenory and
program nenory data buses, a central processing unit which is capabl e of
performng nore than one operation in a single clock cycle, conprising: a
plurality of independent conputational processors; each of said

i ndependent conpubaiRnal atgmgﬁ?p?é%% @?é{:h@&at%naigfé’%{s?s@mgl a¥mc'sﬁgéﬁsgnlwn

rocessor out put ort ontrol
Br 0Cessor i npgt pOTEU Tg‘ﬁpff’ dfp"fpge H?F%f?/ﬁ' RUPORF Sty Patesied b"a[f%“’%ﬁﬁf‘&@s each
of said i ndependtmfesdigntiumatinen o BCP ranrasics aeriormes\py thgmaie pathatiedOpriiedesi ng
circuit dedi cat edsecdndgareral pasie repiveer iyibe Used wBibleeheadsiiGat froniheddd@Rircudnas; at
| east one of sai daddmﬂamﬂmﬁd& pur &@Ham%kd B sRpReSrRduRant Adrh BE inseRahat e
process in gc ireui Llrcgﬁqjl ci\?w’ﬁ ge é(s%us?‘e% in more Jetaq geqow each of these computational tasks and the

subsequentstorage of the resultants in the general purpose registers 100 may be performed in
asingle clock cycle through the use of a singie instruction. :

Figure 2 also shows a connection between the incrementer circuit 107 and the

10 Que memory control circuit 18. In this way, the incrementer circuit 107 may be used to set the
address of the queue memory system 24, and thereby determine the next program ad:;lress
pointer will be supplied to the CPU 12. Similarly, the adder circuit 106 is connected to the stack
circuit 121. In this way, the adder 106 circuit may be used to set the address employed by the
stack circuit 121 to store data words such as the return address of a subroutine. The

15 incrementer circuit 107 and the adder circuit 106 will be discussed more fully in connection with
Figures 8 and 9 respectively. _

{n addition to the three major computational buses 116-120, the data memory
control circuit 14 provides an internal 40-bit data bus 15. The internal data bus 15is connected
to the main math unit 40 (through the 51 and 52 multiplexers), the adder circuit 106, the

20 incrementer circuit 107 and the comparator 108. In other words, the internal data bus 15 is
capable of directing an input data word to each of the computational processing circuits
contained in the CPU 12. The internal data bus 15 is also connected to several other circuits, as
will be discussed more fully below. :

The comparator 108 may be used to establish the value of any bit(s) in any of the

25 general purpose registers 100. In this regard, the resultant from the comparator will be
transmitted to the output circuit 122 and the program memory control circuit 16. The output
circuit 122 is the modute where a collection of—signals are "put” togetherin ordertoform a
single word for ease of use. The comparator 108 may also be used to create a logic signal for
changing the program flow. In this case, the resultant from the comparator 108 will be utilized

30 by the program memory control circuit 16. The comparator 108 is capable of performing the
following operations: equal to, not equal, greater than, less than, greater than or equal, less
thanor eqﬁal, $1 muitiplexer 102 and $2 multiplexer 104 not equal to zero, and Boolean bit
true (for S1 muitiplexer 102, bit 15).

The program memory control circuit 16 is used to receive and latch (that is store)

35 the 120-bit program instruction from the program memory system 22, as well as address thE
program memod system. The output signals from the program memory contraol circuit 16
include each of the "opcode" control lines which direct the operation of the other circuit
components in the CPU 12.. These opcode control lines generally comprise an 80-bit wide
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| ogical function; a plurality of registers; each of said registers having a
programmabl ¥y . _ _ 3b
controllable multiplexed register input port connected to each said
processor output port, and; each of said registers having a register

out put port connected to said processor input port of at |east one of said
conput ati onal processors; a data nenory control neans |inked to each said
regi ster output port for receiving and transnmitting data words on said

data nenory bus, said data nenory control means having a data nmenory out put
port connected to said processor input port of at |east one of said
conput ati onal processors; a programcontrol neans for receiving an

i nstruction word from said program nenory bus wherein said instruction

o o1 oS s i Bhegos) el plaE oS LB gl o 1
said regis !to er ) in p_fj’t“"jS%W‘? ‘%“i{‘?’a e"ﬁ‘rf]%ﬁ‘?‘gﬁbec%ﬁf e 1%{23?‘7%"’% gies Wtﬂﬁéﬁhe fﬂur’gct ly
transmttin g s ai dmclu es alocal RAM circuit 124. The local RAM circuit 124 provides the capacity to store up to
256 40-bit data words. As in the case of the general purpose registers 100, the local RAM circuit
5 124includes an input multiplexer for selecting between the three computation buses 116-120,
aswell as its own output. The address for the local RAM circuit 124 is generated by one of two
sources, namely from the general purpose register GP4 or directly from the program memory
data bus.
Figure 2 further shows the provision of a logic analyzer multiplexer 126. The logic
10 analyzer multiplexer 126 is used as a view port in order to determine the state of the internal
operations of the CPU 12. In this regard.‘ Figure 2 shows that the logic analyzer multiplexer 126
receives a number of input signals that be alternatively selected for external analysis. For
example, the lagic analyzer multiplexer 126 is connected to each of the three computational
buses 116-120, as well as the output circuit 122 and each of the general purpose registers 100.
15 Asillustrated in Figure 1, the {ogic analyzer muitiplexer 126 is externalily addressed, as opposed
to being internally addressed through the opcodes on select bus 17. This ensures that the
operation of the logic analyzer multiplexer 126 does not depend upon the proper operation of
other on-chip circuits, such as the program memory control circuit 16.
Referring to Figures 3A-3D, a more detailed block diagram of CPU 12 is shown. In
20 Figure 3B, the data memory control circuit 14 is shown to include a data memory interface
circuit 128 which is connected to the private and shared data memory system 20. The data
‘memory control circuit 14 also includes a data address multiplexer 130, a data word multiplexer
132 and a latch circuit 134. While this data memory controt circuitry will be discussed more fully
in connection with Figure 13, it should be appreciated that the address for requesting data
25 from the external data memory system 20 may be derived from a variety of sources. Similarly,
the 40- bit wide data word itself may be derived from a variety of sources, including the
external data memory system 20. )
Figure 3B also shows that the que memory control circuit 18 utilizes a similar
circuit arrangement to that of the data memory control circuit 14. However, the que memory
3p controi circuit 18 includes an add circuit 136 which may be selected to automatically increment
the qué memory address by one. Additionally, it should be noted that the que memory address
; value may be derived from the general purpose register GP5. While general puﬁaose register
" GPS has been selected from this function, it should be understood that one or more of the
other general pﬁrposed registers could be used as well to supply the que memory address
35 value. "
Figure 3A shows each of the input and output signal line connections for the
program memory control circuit 16. In this regard, Figure 3A illustrates that the program
address may be selected from eight different sources, including the que memory data bus 138.
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sel ection codes to each said processor input port and each said register

| nput port tfo progranmably control each said processor input port and each
said register input port to programuably control each said processor input
port and each said register input port, said programcontrol neans, said
processor input port and said register input ports being cooperative
such that the follow ng occurs within the same single clock cycle; (a)

i nput data are applied to said processor input port froma one of said
plurality of different data sources selected based on a first portion of
said instruction word: (b) each of said processing circuits concurrently
performs its conputational function upon said input data; (c) said
processor output port selects the conputational output of one of said
execution units based on a second porti-on of saj.d. ipnstryction word; (d) the
regi ster input p%??dﬁatfd R 5?"@?5?3”1‘986??{‘8?eégd'&?ﬂ'b“{?‘%'é"“f’ﬂ“?ﬂ’ﬁ'éh Bt rouse
processor out put PEFiienphomgonsas-fecordinavelt sher'd beappresfatedshagithe iyt caneeckienrrfwor d;
an executi on sequesselect bat Zitohpatiaidcompareparn tepresepxae bt modebf He gigeneadaddr ess
bus; and an execukhiotoREIREGRABRTRIn¥nifetbbdifint TRSE& tHabthese EdARRIoHs AG, tdat @
pords on sal d eXeqt lAfLraGALRIEe TBhAy RURNAL SERIBLANRUM FL L0 the
begi nni ng addressbo7 a routine of Inmstructions stored in sal SRR
nenory and for us .

TABLE 1
PROGRAM MEMORY BIT ASSIGNMENTS
BIT LOCATION NO. OF BITS FIELD MEANING
Dto5 6 Main math function selection
10 . 6to7 2 Main math Shift/Merge Mask selection
8to 11 4 Source1 Channel selection
12t0 15 4 Source2 Channel selection
1610 18 3 Incrementer Mux) selection
1910 21 3 Incrementer Mux2 selection
221024 3 Adder Mux1 selection
5 25t0 27 3 Adder Mux2 selection
2810 30 3 Comparator Mux1 selection
31t033 3 Comparator Mux 2 selection
34to0 36 3 Comparator Mnemonic selection
37 1 Set the QutputReg equal to MainMathOQut
38t0 39 2 GenPurp1 input selection
20 4010 41 2 - GenPurp2 input selection
42to 43 2 GenPurp3 input selection
44to 45 2 GenPurp4 Input selection
46to 47 2 GenPurp5 Input selection
48 to 49 2 QueAddressReg nput selection
50 1 QueMem Read/Write signal
25 51to 52 2 LocalRam input selection
53 to 60 8 LocalRam Address value
61t062 2 StackRam Input selection
63 to 64 2 - StackAddressReg Input selection
65to 67 3 Jump condition selection
6810 70 3 " Jump ProgCount source selection
30 7 1 Shared DataMem Active
72 1 Private DataMem Active
73 1 DataMemory Read/Write signal
74t0 76 3 DataMemory Address source selection
771079 3 DataMemory Write value source selection
80to 119 40 Program immediate value

35



generating an address word on said execution sequence address bus.

3c ¢ #  DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT( S) Addi ti ona
features and advantages of the present invention wll becone more fully
apparent froma reading of the detailed description of the preferred

enbodi mrent and the acconpanyi ng drawi ngs i n which: Figure 1 is a

bl ock di agram of a basic conputer circuit which includes the CPU according
to the present invention. Figure 2 is a sinplified block di agram of
the CPU shown in Figure 1. Fi gures 3A-3D provide a nore detailed

bl ock di agram of the CPU shown in Figures 1 and 2. Fi gures 4A-4D
Illustrate various word formats enpl oyed by the CPU. Fi gures 5A-5H

provide a general schematic diagramof the CPU shown in Figures

- Taking the input selection for general purpose register GP1 as an example, it will
be seen from Table 1 that two bit fields (that is, two conductors) are provided for controlling
the selection to be made by the input muitiplexer to this general purpose register, namely bit
locations "38" and "39". In this regard, it should be remembered that each of the general

5 purpose registers 100 may select between four different inputs, ﬁamely the main math unit
computational bus 116, the adder computational bus 118, the incrementer computational bus
120, and its own output {shown in Figure 11). With the need to select between four input
signals in this embodiment, it should be appreciated that only two select lines are required to
create a possibility of four different binary cpmbinations. These select lines are sometimes

10 _referred to herein as "who" lines, as the hinary states on these lines determine which input
signal will be selected. For example, in the case of the general purpose registers 100, the data
previously written to tﬁe regiﬁer in question will be re-written to it when its select bits are -
"00". Similarly, when the select bits are "01" (that is, an address of one), the contents on the
main math computational bus 116 will be written to the general purpose register. In the case

15 of general purpose register GP1, this means that select line "38" will be adigital “1", while
select fine "39* will be a digital "0". Likewise, when the select bits are " 10" (an address of
two), the contents on the adder computational bus 118 will be written to the general purpose
register. Lastly, when the select bits are " 11" {an address of three), the contents on the
incrementer computational bus 120 will be written to the general purpose register. At this

20 point, it should be noted thatin CPU 12 the least significant bit position will ¢contain the least
significant value of any binary data field.

While each of the general purpose registers 100 requires only two select lines for
their operation, several of the other components require the use of considerably more select
lines. For example, as shown in Table 1, the comparator 108 uses a total of nine select lines.

25 Specifically bit locations "28-30" are used to control input (MUX1) multiplexer 140, bit locations
"31-33" are used to control input (MUX2) multiplexer 142, and bit locations “34-36" are used to
control the type of operation to be performed by the comparator circuit 144 itself. In this
regard, the comparator 108 is capable of performing eight different functions on two groups
of eight different input signals. The comparator functions are shown below in Table 2, while

30 the multiplexer assignments are shown in Table 3.

35
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1, 2 and 3A-3B.

cl ock signalss enployed by the CPU

Figure 6 is a timng diagramwhich illustrates the

Figure 7 is a detailed bl ock

di agram of a brigaded latch circuit of the type enployed in several
conponent of the CPU
detail ed bl ock diagram of the increnenter conputational processor

10

15

20

25

30

35

Figure 8 is a

.

TABLE 2
COMPARATOR FUNCTIONS

ADDRESS OPERATION

0 Equal
1 Not Equal
2 Greater than
3 Less than
4 Greater than or equal
5 Less than or equat
6 Boolean bit (If Mux1 bit 15 is true)
7 Mux1 and Mux2 not equal to zero
TABLE 3
MULTIPLEXER ASSIGNMENTS FOR THE COMPARATOR
MUX 1 inputs MUX 2 inputs
0 GenPurpl 0 GenPurp?
1 GenPurp2 1 GenPurp2
2 GenPurp3 2 GenPurp3
3 GenPurpd 3 Gen'Purp4.
4 GenPurp5 4 GenPurpb
5 DataRead 5 Value0
6 LocaiRam 6 LocaiRam
7 MainMathOut 7 Progimmed

from the above, it should be appreciated that the comparator 108 may be used to

compare any of the MUX1 input signals with any of the MUX2 input signals in a variety of

different ways. Thus, for example, a determination may be made to see if the contents of

general purpose register GP2 are greater than or equal to the contents of local RAM 124. If the

result is true (that is, a precise match is found), then the output of the comparator 108 will

become true. In this regard, a binary "1" (000004.0000) represents a true condition, and a

binary "0" represents a false condition. The result of the comparison may be accessed from the

output register 122 at bit position 17", The resuit of the comparison may also be used in the

program memaory control circuit 16 to determine jump conditions.

The main math unit 40 is different from most of the other components contained

in the CPU 12 in that it does not have an input multiplexer. Rather, the muitiplexing functionis
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shown in Figure 2. Figure 9 is a detailed bl ock diagram

of thecaddee conputational processor shown in Figure 2. 5

Figure 10 is a detailed block diagram of the conparator shown in Figure 2.
Figure 11 Is a detailed block diagram of the general purpose registers
shown in . Figure 2. Figure 12 is a detailed bl ock

di agram of the program nenory control circuit shown in Figure 2. 10
Figure 13 is a detailed block diagram of the data nmenory control circuit
shown in Fi gure 2. Figure 14A is a detailed block

di agram of the que nenory control circuit shown in Figure 2. Figures
14B- 14C provi de di agrans of the word formats enpl oyed by the que nenory
control circuit. 15 Fi gures 15A- 15B provi de detail ed bl ock

di agranms of the o ' ' ' | : :
Figuro 1615 a dot st SElhe SRV idpmpmaft Bt pe i pupis, |
Fi gure 38. 14. The main math ”’ﬁ4§ﬁ?'l?w17‘ moge agta EyFigiredd WPYERYAREEm of the
error tracking ci inémetacisqq@wﬁckitqillmrgggaeh of the nphematiyal and logic tasks that the matj Tathe 18
is a detail ed bl oalitadis eapsens edecdting Esdhatisese mbtberdtica braMidciicuft bigtks Giredt.their
Figure 19 is a debabh§shallcWdma et Adtigdxed kEept 1of RE &{iBER LG @k [sRdlnlin BRAWN 1 N
Figure 3D. Rather, the 40-bit out EI r%ll’l{rcoemt%(e)dil'%r% di?‘dgllsldﬁedctegltoqggszdl agr am of

t he bool ean cal cu?%t_or RO n_plﬁl ﬁure § i T Fi gures
21A-21 C provi de BEHRlPeEeEgs BPreratitdeatieurts: BissPeravspinedivigericiqit 465mploysihe

Fi gure 3D. conventional "shift anF pujjtraceif fdsibiles” algorikbmn avhicedqlitesseteratlitengioaste of t he
divider circuit s&mphtel(tRathi2QtéR cydbs). Thus, it should be appreciated thdt HigibiéraSpeddrived &G

provi de a detai.l eg ol Q6K G20 f,the binary to BCD converter shown .
in Figure 3D. éb dwr prbked tﬁJEE? a dggae?sl)ll ed bl ock di agram of

the parity checker shown ¥ iﬁﬁip‘ggg‘{b?ehe%‘gmlmsath unit neludes ppinAy RED 5 - 25C
provi de a det ai | etPnsrercike. dpringtygnqotdr 130halogicahAdtDecireitd pR. elogical|PR circuit 154 Amwn i n
Fi gure 3D. Exclusive OR circuit 156, an adder/subtractor circuit 158, compression and inflation circuits 160,
arotateAmerge c{rcuit 162, a parity checker 164, a bit caiculator 164 and a multiplier circuit 168.
15 The binary to BCD converter 148 is provided to convert a 6-digit Hexadecimal number to a 8-
digit binary coded decimal number. The value to be converted is supplied through the $1
multiplexer 102. The binary to BCD conversion is the only task in the CPU 12 which takes two
clock cycies. Except for this task and the divide task, all of the other tasks can be executed
within one clock cycle. Accordingly, it should be appreciated that the data input via the 51
20 multiplexe} 102 must remain stable and selected for two consecutive instructions before the
results can be accurately read from the output of the main math multiplexer 114.
The priority encoder 150 is used to assist a iog operation (to the base 2) and an
anti-log operation (to the base 2). In this regard, the priority encoder 150 will detect the
largest valued non-zero bit, ignoring the sign bit, from the 1 multiplexer 102. in order to more
25 completely understand this operation, a preliminary discussion of the numbering system
employed by the CPU 12 may be helpful. In this regard, Figure 4A shows a diagram of the
general 40-bit data word format used by the CPU 12. Virtually all numbers are represented in a
“sign + magnitude" manner, as opposed to two's compliment. Integer numbers will occupy
bits “15° through "39", with the sign bit occupying bit position "39". Real numbers will occupy
30 all bitpositions. This particular format eliminates the need for scaled arithmetic, and it also
enhances the effectiveness of data compression techniques. It should also be noted that the
integer portion of the general data word may be used to represent addresses, with the address
bit “0" occupying bit " 15" of the data ward. _
Translation to a Hexadecimal format is as follows. If the sign bitisa binary “1",
35 then the number is negative. Otherwise, the number will be positive. The integer portionisa
straight-forward conversion of the 24-bits into 6-Hex digits. Fractional parts are taken 4-bits at
atime from left toright. The Least Significant Bit ("LSB") of the |ast byte is always assumed
tobe abinary "0". This gives a range of 0.0000 to 0.FFFE, there being no representation for
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Figure 26 is a detailed block diagramof the inflation circuit shown in

Fi gure:3D. »

Figures 27A-27B are di agrans of exenplary

single instructions for the CPU of 35 Figure 1. Ref e

to Figure 1, a bl
i ncl udes the CPU

ock diagram of a basicconputercircuit 10 i sshown
12 according to the present invention. The CPU 12 may

referred to herein as a m croprocessor, in that CPU 12 is preferab
enbodied in a single integrated circuit.

-4-
referred to as a

Simlarly, the conputer circuit 10 may be
m croconputer, as it enploys a single "chi p" CPU.

rring
whi ch
be
l'y

However, it should be appreci ated that the avail able nonenclature is |ess
i nportant than the capabilities of the invention itself, which are

substantial. Int

10

15

20

25

30

35

nmm erg v% ?J tgé LSE Qe1 “ (that is, 0001, 0003, 0005, FEC7, and so forth). The CPU 12 allows

both representations of zero. For example, the comparator 108 will recognize positive zero as
being greater that negative zero. To prevent errors in calculations, the main math unit 40 will
only return a positive zero for its calculations. However, the adder circuit 106 and the
incrementer circuit 107 may returna negati\)é zero. it should also be noted that "-1" is
provided as a selectable choice at one of the two input multiplexers to the incrementer circuit
107, and that this is actually a twos compliment number, as opposed to a "sign + magnitude”.
number.

With this numbering system at hand, an example of the operation for the priority
encoder 150 may now be given. Thus, if the $1 multiplexer 102 provides a Hex value of 1.FFFE,
then the resuit achieved from the priority encoder 150 would be + F.0000. This would indicate
that the highest valued non-zero bit is in position " 15", Sh;nilarly, if the S1 multiplexer 102
provides a Hex value of 5E,4A3.25CBA, then the output from the priority encoder 150 would be

+21.0000. Using the hardware assistance provided by the priority encoder 150, the
“characteristic” value for scientific notation (that is, floatiné point m_)tation) may then be
obtained through software manipulation. in this regard, the input word may be visualized in
accordance with the diagram of Figure 48, wherey cango from +/-32. ifz = [(1 +x1 + x2)* 2
to the y], then a close approximation to the {og of 2 can be determined from a series expansion
as approximately:

2 :
log(2ofz=y + Log2(t+x1) + (| x ————— * log2
513/512 + x1

=Y + k1 + (x2*k2)wherek! = Log2(1 + x1)and

1 i
*
k2 + log1(E) [513/512 + x1 ]

A table look-up (b;sed upon the value of x1) will yield the values of k1 and k2 (there wili be 256
segments). The combined answer is then: .
log2(z) = y + k1 + (x2 * k2), with the answer in the format shownin
Figure 4C.
Summarizing the process then:
1) Submit z to the Log assist hardware, which will put the bit positioninto a

‘register (subtract 15 to get the value of y).

2) Shift z to get the MShit into bit 33, in order to determine x1 and x2.

3) Using x1 as the index, do the Table look-up to getk1 and k2.

4) Compute log2(z) (Note, ify is negative, a slightly different algorithm would
apply). '
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CPU 12 is the unit of the present invention which executes programred
instruetions, and as will 5 apparent fromthe description below, it is
quite capable of rapidly performng a nultiplicity of intensive and
conpl ex conput ational tasks. I n one enbodi nent accordi ng
to the present invention, the CPU 12 may be constructed through the use
of a large scale Appllcatlon Specific Integrated Grcuit ("ASIC"). An
ASICis a type of integrated.circuit which includes a significant nunber of
| ogic gates that 10 nay be connected together to performsSpecific circuit
functions. For exanple, the CPU 12 may be enbodied in the 391 pin LCA
100K ASI C device by L51 Logic, Corp., MlIpitas, CA This particul ar
ASI C device contains approxi mately 247 000 AND gates that may be conbi ned

E ﬁge;rd]\e/;nt gg;gr g]?N \{eatrwat%ﬂe¥1u erccéif: L{egrl;xeeWQstan thle frl'lal FOfmatrgds a§8art %eg%lhoqgcré&rgttel on has

However, it shoul ‘ﬁ'”bf?"ébbﬁ e‘ﬂi"’dt"étf‘”ﬁﬁ%tbeﬁﬁ"r‘ﬁéﬁed 5?5“"5’19[‘?%@‘%”9’?1?@’@‘%& ed circuit
t echnol ogi es may dwdtinyinglitdy @do the-18tbhst ruct CPU 12 in the appropriate
application, including aTIfd&Hi-bbg%SJr%ﬁt&ﬂEBﬂémtilﬁmbedescnbed Given a number in AS

i l l ustrat ed I n |5 FI tgygbgvejdesmtllng LDS(F;) m;‘t,zlt éan 8& &qsgéas@ho%%ehgug%r%r &gme VQJJES CI re U| t

14, a program nenory cont circ cong.rol
circuit 18. Each Bf™ Tﬁég"e‘hﬂﬂ”é'éy +xis nﬂ?tﬁt 88“1‘?@15%6']"%\3[‘? ED 8%‘@?’51‘26!‘

separately and comeliprdanipg notherserieherpargign.a, program 20 i nstructions, and
program pointers may all be aecHsapd)]rasaalkl)y* i 2tenxane fundanent al

clock cycle for tQgmiidgdfenrdcls, tah:s regard, the conputer circuit 10 may
utilize an external data rsg{;{gméo%mtmng f'%f’ﬁ’ 243’%{31?)6" pr ogram menory

system 22 and dh exter nal” qul] wever, it should be

appreci ated that these eft erW&Pb'?ﬁ?WEWE‘P% vals §f Zftedhey- be i ntegrat ed
with the CPU 12 in the approfampateequapi(Rathesn]*(l t1 skidthl- al so be not ed
that the 25 data nenory aystﬁmtapabe&ya;i,wytpd&sboth a nmenory which is

private to the CPU 12 and a Anexﬂﬁg?mﬁ% gmn ﬁ%m&ﬂﬁ.ﬁ&@&?&h!ﬁ@&& he CPU

12 and ot her conputer devi ces r ex

provided to fadfl kop Adany- l‘f’é‘?’P’%{ﬂ%’Fe’Fth&F"aglptfn‘af%’°‘f"c'5“‘5‘r"|g e PRt X’&F"ﬁyﬁz
with a conputer 0P ahigsxproie Wil tajetie tngtotthie numbendivif ithy 2codthemiakedbd antieowi t h
other conputer  tog@Rhédswé@s. 30 As further shown in Figure

1, the CPU 12 provides ag4 TbthLoﬂQJsxﬁhQﬂd@ar@@n%ﬁneﬂu@Aer mg)ytelmémrqgi'ﬁ'@dnﬁ?mry
address bus 28, Wmlch 223‘27 ot h i)éé rnally accessib ? interfacing with

t he dat a mam)'f rdingly, it shoul d be agﬁr eci ated that
the CPU 12 has 20 he céﬁﬂéﬁlﬂP"FVFQ ‘90'169%1%‘6@3@9?%3@6”"1"’?4'"2 degigatpicint dat a
wor ds. A read/ wr i pesitibri),a8d sBiftirigSheatigitel Poro vd tHeidft to conforen talihe mmdru&te‘fbm)of dat a

into and out of the CPU Igiieddfo®@bild $fx1i-O5ehBE ariti@ La 513 he CPU 12
Applying the equations, log2(z) = 14 + log2(1 + 56/256)
+ [Log2(E) * (1/512)/(513/512 + 112/512)]
25 =14+ .285,402,2 + .002,308,3 = 14.287,710,5
Step 2 - Divide the Log valueby 2 — = 7.143,885,25
Step 3 - Taken the anti-Log 2 of 7.143,885,25., Parsing the number,
y = 7,x1 = 73/512, and x2 = .001,277,1 (= .653/512)
Answer = {2tothe 7] *{2tothe 73/512]*[1 + x2*Ln2]
30 = left shift 7 times [ 1.103,876,003 ] * [ 1.000,885,218 ]
=[2tothe?7]*[1.104,853,174]
= 141.421,206
When a scientific calculator is used to solve the same problem (that is, a TI-60), the answer will
- be given as 141.421,356. Accordingly, it should be appreciated that the answer provided from
35 the algorithms set forth above is still correct to 1 part per million,
The AND circuit 152, the OR circuit 154 and the ExOR circuit 156 may be
implemented through simple bit-by-bit boolean circuits. In this regard, the bit calculator circuit
166 employs such bit-by-bit boolean circuitry. The bit calculator circuit 166 is shown in Figure
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35 provides a 120-bit program data bus 32 and a 24-bit program nenory
address bus:34 for Interfacing with the program nenory system 22.

Aswi | | be discussed nore fully below, 80-bits of the very wi de 120- bit
program data word are used to directthe operation of specific

conponents in the CPU 12. The remai ning 40-bits of the 120-bit program data

word mrror the - 5-
format of the 40-bit data word. In this regard, this additional 40-bit
capability may be used to i ncor porate programred data or address val ues
into an instruction. The CPU 12 al so features a 24-bit queue data bus

36 and a 24-bit queue nenory address bus 36 for interfacing wth the
gueue nmenory system 24. The 24- bit wide path provided for the gueue data

bus 36 is a5 refl ﬁ.SE % féuu 0 bt 166365 min &1 NS KAl SO G35 RRBILSLS O
t he program nenory s m 22,

merge (that is, OR) Since both masking and mergmg can be performed in the same

instruction, this operation may be preferred over selecting the AND circuit 152 and the OR

circuit 154 in consecutive instructions. The bit calculator 166 may also be used to isolate certain

5  bits. The bit calculator circuit 166 includes a multiplexer 170 to select which of the three logic

functions should be executed. The selection code for the multiplexer 170 is derived from the

main math unit function selection codes which are set forth below in Table 4. These codes are

provided from bit locations "0" through "5" of the select bus 17, as shown in Table 1. inlight

of the fact that 6-bits are employed for the main math function selection, a total of sixty-four

10 ¢ode combinations are available.

. TABLE4
MAIN MATH UNIT FUNCTION CODES
Cont. Code Functional Selection
Ote Rotate/merge, the code
39 ='s num. of right rotates
15 40 multiply (msb 40)
41 multiply (Isb 40)
42 * multiply (middie 40-bits out)
43 * muit + GP(5)
44 * mult + GP(3)
45 * mult + GP(4)
20 46 * mult + GP(4) + GP(5)
47 divide (single prec)
48 log (base 2)
49 Binary to BCD (integer)
50 Parity
25 51 # add and genCarry
52 bit calculator :
53 and -
54 inor
55 exor
56 * add
30 57 #add + Carry and genCarry
58 * subtract
59 Saurce!
60 Source2
61 CompressCode
35 62 CompressData
63 Inflate



However, it should be understood that each of the bus w dths provi ded above

may be i ncreased or decreased to accommodate a particul ar

i npl ement ati on. Neverthel ess, it should be appreciated that the width
of the programdata bus 32 should be sufficiently large to specify each
of the opcodes that determ ne the tasks that coul d be executed by the CPU
12. 10 As illustrated in Figure 1, the CPU 12 includes a
plurality of separate and si mul t aneousl y oper abl e conput ati onal
processors. Mre specifically, Figure 1 shows the provi sion of a main

math unit 40, an adder unit and an increnmenter unit. For purposes of
il lustration, the adder and increnenter units are conbi ned under reference
nuneral 42, even though these units represent independent conputational

processors. Wiile the adde nenter, units are dedi.cated to
the functions explicit Idﬂ\ Ezﬂ?ﬂonalse?ectnonst%?t?:avebeemden eﬁwnht%fastenxsyzl Oll nél udes a
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nera
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I n
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Turni ng now t o Fitgré¢tedmined howsranjdits fdsitichs koold ke rdtated MiaTobdte/mérge Rt 16Pwill 8e ShOwWn

in order to Qg&géggc@pecgw,wp@we@g internal multiplexing and bus

structures according to ent..inventij . € nti oned
above, the CPU 12 i ncl ud‘th§ pam’bﬁ"ﬂﬂ1?‘§'f edt?passeb'“ 19nthﬁ‘g§1 9{ tﬁ{'ﬁ}e"a'r %hsters

100. Each of tmeg\é‘%‘éh’ér‘&l‘f‘bin“ﬂbsféf*@tﬁ'§P%P‘§"'8@‘e’5c§}5°a’5’l' ez3o(P bl‘%t&e dythagy,
storing 35 and theanBmath dungst kit "2l be sevi Thés bolitds a7-biodath wordwithedd paidichinrent

descri bed herei nanmpdt Qbrtlof & to 8-bivC AccordinglF Hplbhts ‘RN AP A" L€kt Saftdbfe 285 Rput
provi ded. This ngiqper of general purpose registers is related to
Figure 3D shows the multiplier 168 both as a single block, and as a more detailed
25 tircuit within the phantom line outline. As indicated by the main math unit functional
selection codes of Table 4, the multiplier 168 is capable of severai different operations
involving muitiplication. inthe first piace, the multiplier 168 includes a 39x39 multiplier circuit
172 for producing a multiplication product from the input words received from the S1
mulitplexer 102 and the $2 multipiexer 104. In this regard, the upper or lower 39-bits of the
30 pProduct may be selected from the main math output muitiplexer 114. The multiplier 168 also
includes an Add circuit 174 which will add the product from the 39x39 muitiplier circuit 172 to
the contents of either general purpose register GP3, GP4 or GP5. An error correction circuit 176
is also provided for negative zero correction. The multiplier 168 further includes a second Add
circuit 178 to achieve a further compounded arithmetic operation. In this case, the contents of
35 general purpose registers GP4 and GPS5 are added together, and then this product is added to
the praduct from the 39x39 multiplier circuit 172.
Figure 38 also shows that the CPU 12 includes an interrupt circuit 180 and an error
tracking circuit 182. The interrupt circuit 180 is used to detect and latch an externally
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the nunber of tasks forwhich it would be desirable to facilitate

si mul t aneous execution. For exanple, it will be shown bel ow that the
CPU 12 has three major conputational buses.

- 6- Accordingly, there should be at |east three
general purpose registers to enable the CPU 12 to store the resultants

transmtted on each of these conputational buses. However, it should be
appreci ated that the nunber of general purpose registers may ‘be nodified in
t he appropriate application. Wth respectto this particul ar enbodi nent,
Figure 2 shows that each of the 5 general purpose registers 100
areconnected to an S1 multiplexer 102, an S2 nultiplexer 104. an adder
circuit 106, an increnenter circuit 107, a conparator circuit 108 and the
data nmenory control circuit 14. Certain ones of the general purpose
regi sters 100 ar egeaqrgtbd iRE YRR signaly ThedntgrfyResignal is then transmitted to the program memory

control circuit 16 for responsive action. The interrupt circuit 180 will be more fully described in
connection with Figure 16. The error tracking circuit 182 is designed to count errors and trap
the addréss {that is, the program counter vaiue or the que address) of the fast error
5 encountered. The error tracking circuit 182 may be enabled or disabled through bit position
*2" of the output register 122, The error tracking circuit 182 will be more fully described in
connection with Figure 17.
Turning now to Figures 5A-5H, a general schematic diagram of the CPU 12is
- shown. More specifically, Figure SA illustrates each of the input signals received by fhe cPU 12,
10 Figure 5A also provides a break out of the signal lines which comprise the opcode.or select bus
17. In each case, the number of lines employed is enclosed within brackets. Thus, for example,
the data bus line labeled " D_Data_ln" is of the type 40", meaning that it comprises "40"
individual conductors. Similarly, the bus line labeled "“MMO Decode" is comprised of “6"
ihdividual conductors, namely bit locations "0" through “S" of the select bus 17. in addition to
15 these bus-type signals, Figure 5A also shows individual signal lines, such as a reset signal line
labeled " H2_ Clear"” for resetting the CPU 12. Similarly, Figure 5A shows the two primary clock
signals sets "EC" and "LC", as well as the two related clock signals used by the divide circuit 146
(labeled "Div_ ESet" and " Div__LSet"). Each of these clock signals will be discussed in
connection with Figure 6 below. Furthermore, Figure 5A shows the provision of two interrupt
20 signals, namely “I0__Interrupt” and "Interrupt_ Vector”. The IO__ Interrupt signal provides a
conventional request for attention signal (thatis one masked interrupt signal}, which will cause
atransfer of control to one of only two interrupt handling routines pointed to by the interrupt
vector signal.
. Figure 5B shows each of the five general purpose registers 100, with more
25 detailbeing shown for GPREG1 (or GP1) than for the other generél purpose registers.
Specifically, three selectable input signals are shown, namely "MMO" for the main math out
bus 116, "Adder__Out" for the adder bus 118 and "Incr__Out” for the incrementer bus 120.
While not shown in this figure, the fourth selectable input is taken from the output of the
general purpose register itself. The signal Iai:eléd "Who" represents the appropriate lines from
30 theselectbus17. Thus, inthe case df general purpose register GP1, the Who signal con{prises
{ines "38" and 39" of the sefect bus 17. As with most of the CPU components, each of the
general purpose registers 100 receives both the EC {"ESet" and "EReset") and LC ("LSet" and
" "LReset") clock signal sets. Figure 5B also shows each of the iﬁput signals received by the local
RAM circuit 124 and the output circuit 122. Thelocal RAM circuit 124 may be operated to
35 provide additional general purpose registers, if desired. A constant addressin the range of 0"
to “FE(hex)" may be provided in an instruction. Alternately, an address of "FF(hex)" will cause
the CPU 12 to obtain the local RAM address from GP4. In any event, it should be noted that it is
passible to read a number from the local RAM circuit 124, add another number to it, and write
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conponents in the CPU 12 as well. However, these connections have not been
Il lustrated. inthe sinplified block diagramof Figure 2. 10

The S1 multiplexer 102 and the S2 nultiplexer 104 enable the 40-bit data
wor ds fromeach of the general purpose registers 100 to be selectively
directed to the. circuits contained in the main math unit 40. For
purposes of illustration, the main math unit 40 is shown in Figure 2 to
conprise a math block 110, a logic block 112 and an output rmultipl exer

114. As will be discussed below, the math block 1 10 includes :a plurality
of mat hematical 15 processing circuits, and the logic block 112 includes a
plurality of logic processing circuits. In this regard, it should be
noted that the 40-bit wi de output bus fromthe S1 nmultiplexer:102 is

e 0, T e BRI G SHEA SRR RS o R A BB
is connected to e4¥h of the processing circuits contained in the main
math unit 40, except f or FisiteSGhaotpose menoraentblgivitil4wiiogircadidithe 20

Accordingly, it siheuicdcdikar 28steriSinkRek. hbortiord dithe GitddadeXirpiitaye ikaSmEnbgir@nt i al

BTG s B ER s e a
Tai N mathouni t 40 RATe TS REY Y SRR PRp e tR e i SRaUrY BT -
that each of the {FPEsytertye ¥rondatet Yemp Insigaal whichis reeaived biihe dagpanepiotyiconteb c ut e
t heir assigned t adrkst 18{U6). The ihtbrEacSdram: 128, MRyrn,asteivds kre 40ditt DatareitviteTubite spngix er

114 may then be egmf.O¥&sinb StSilnRRlcoltdl Ghlitd 2 (us] BSMtng B th BB WRFolySys RS  €d.
For exanple, the wor ds,

as well as |ogi'? aﬁﬁ? Qeﬁﬁ%tc'{']ﬁg?gg'}%%s\émﬁ%i'éft?m%géfgb?’se‘g?el? ﬁgggiéé%%&n%’%f}aﬁ%t
further di r ectieBivedPWsenetrortofhe ongrsionefithe Bypdriyersi v f§orasguiroliqdthropgh

i nstructed to sel tbeteadibrite RAYT line Bl Y¢hen the repdiwrite tirgerd0 &5 LONV| the ibterface fitckiv B wily

ot her conponents irdhshitetataRldrdlirdm thd datelibhod cathroiRir@ 18 @lRxlefhalimeind® system MAI N

mat h nul tipl exer Zld b&E‘?Mve?j(ljd%THon_eéQ,L@ﬁéntﬁﬁ@adﬁﬂrit{ﬂ%% iDL Qe istakRe YR 29T the
52 30 mul ti pl exer

_ .ﬁata word as jts outJou in |lieu of ne of the
mat hemat i cal an® YVOYPERR2 fauvate }é‘fﬂ e ext '"ai)'f‘ﬂ?ﬂ“b‘ésée"i zg’ ® ﬁ.e ata memory controf
The 40-bit data wirdt 18ie puadriver 1§fnAs indicated shovaetherua memony pstral tigruiy i&indudess one of
t hree maj or conpudrsitat ibtectice Eliiitto SR avidalnfoEthe ddtEmentdnt @t dreuit 1ahi n t he CPU 12.
The other two CONMPUT @)@ Bihoh2bd oPHE S Rpul il 3k 4 Radd SVallabfey fre €60 fahe
adder c I re U! t 106!n ri]scrle : réeit:slhnu Jbematn% %rtthSeSDagal I’ rHI t :H%?si L ‘?gf(}eg;[ I Xie!a e'ledThe
adder circuit 106 and XHe s ﬁir X 08T Brt g Bt e g A slgn g BT IgUA O B %/ full
adders with si gh.P.E¢¥h Dap inFleusaD.tAddiianain ivshov!d be eatesithay He lools aralyzer 136c
connect ed t o eachprofidesa 40-bitlienic) anner Beta sunal ffay setectively itradseritBngvOribus iAwrrmpliigoils
mul tipl exer is pr@viel@ft ahdl2636M0ffe Pl €2, Gheli&ditahlyzer 126 is a 16-input by 40-bit wide
multiplexer. Ithas a 4-bit address that is se'parate from the program data bus 32, as illustrated
in Figure 1. This 4-bit address capability is preferably asynchronous from all other inputs to the
25 CPU 12 itis preferred that the data to be read by the logic analyzer 126 be latched twice
within a given instruction cycle (such as a 112nsec. cycle). This is because it is possible to make
dual use of certain components in the CPU 12 within a single clock cycle. Accordingly, the
procedure of latching the data twice in a given clock cycie gives the user an opportunity to
catch both events. While not specifically shown, the logic analyzer 126 receives clock signal
30 pulsés at 56ns and 112ns in this embodiment.
Figure 5E shows the $1 multiplexer 102, the S2 multipiexer 104, and several
components to the main math unit 40. The remaining components to the main math unit 40
are shown in Figures SF, except for the compression/inflation circuits 160. With reépect to
Figure 5E, it should be noted the component U20 includes both the multiplier 168 and the bit
35 calculator 166. With respect to Figure 5F, it should be noted that the main math multiplexer 40
is shown to include an error circuit 169 which traps an error bit that may be genei"ated from
either the Add circuit 158, multiplier 168 or the divide circuit 146. The presence of such an error
is then transmitted as the MMU__ERR signal to the error tracking circuit 182, whichis shown an
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whi ch conprise the general purpose registers 100 in order to enable a

sel ectiion to be nmade _ _

-7- ' bet ween the data words present on the
conput ati onal data buses, as well as to select its own out put. Thus,
for exanple, the first general purpose register may be used to receive and
store the resultant froma binary to BCD conversion perfornmed by the
main math unit 40, while the second general purpose register may be
used to store the resultant fromthe adder circuit 106, 5 and the third
general purpose register may be used to store the resultant fromthe

I ncrenment er circuit 107. As wll be discussed in nore detail bel ow,
each of these conputational tasks and the subsequent st orage of the
resultants in the general purpose registers 100 may be perfornmed in a
si ngl e cl ock cyclF@8e ff 5igyts oF pler shrve thsedder ompygptiens! ﬁ‘é’f‘?“ﬁb’t"gﬁﬁ incrementer

Figure 2 al so shewrputetiengresesdrdfy apdthaesmpareteetoBncr enenter circuit 107 and

t he Turning now to Figure 6, a timing diagram of the clock signals employed by the

CPU 12is shown. The topmost diégram illustrates the 72 MHz clock signat 200, which provides

5 the fundamental clock frequency for the CPU 12 as mentioned above. The topmost diagram
also illustrates the Clear clock signal 202 which occurs every 112ns. This 112as time period
represents one complete clock cycle for the CPU 12. Each of the dotted line time divisions
shown at the bottom of Figure 6 represent 28ns. Thus, time division "4" corresponds to 28ns
from the HIGH to LOW transition of the Clear clock signal 202.

10 The normal clock signals for the CPU 12 are shown to be comprised of "ESet”,
"EReset”, "LSet”, “LReset” and “MemDis”. The combination of the ESet and EReset signals is
sometimes referred to herein as the "EC" clock signal set. Similarly, the combination of the
{Set and LReset signals is sometimes referred to herein as the “LC” clock signal set. These two
sets of clock signals are phased to assure that a meta-stable condition cannot exist between '

15 within the CPU 12. A meta-stable condition is one which could occur when data changes at the
same time as a clock signal transition. The EC and LC clock signals are used in brigade latches
throughout the CPU 12 to capture and hold input data or address information. The ECand LC
clock signals will be described more fully in connection with Figure 7 below. The MemDis clock
signal is used to stop memory activity in certain memory circuits, such as by removing the

2p chipenable signals for these memory circuits. A memory cycle is begun by having the MemDis
clock signal go LOW, which will occur after enough time has passed for the address, the address
decode and the R/W lines to settle at the memory pins.

Figure 6 also shows the divide clock signals "DivESet" and "DivLSet", which are
used in the divide circuit to be described in connection with Figure 22. Figure 6 further shows

25 the provision of two Local RAM clock signals, namely "Write” and "Rset”. As the names of
these clock signals imply, the Write signal enables data to be written into the Local RAM circuit
124, while the Rset signal enables data to be read from the Local RAM circuit.

Referring to Figure 7, a portion of the stack circuit 121 is shown to iliustrate the
construction of the brigade latch circuits used in the CPU 12. Specifically, Figure 7 shows a pair

30 of D-type fiip flop or latch circuits 204 and 206. The first latch circuit 204 receives the ESet and
EReset clock signals, while the second latch circuit 206 receives the LSet and LReset clock signals.
The Eset clock signal enables the first latch circuit 204 to read its input signal. The ERest clock
signal {labeded “"ECLEAR") is then used to capture and hold the input signal which has been
read. In other words, output signal from the latch circuit 204 (on line 208) will corresbond to

35 thedigital value of the input signal. In practical terms, the ESet and ERest transitions are used
to capture the resultant data from the last instruction without changing any of the values
involved in the current instruction. Subsequently, the LSei clock signal'is used to read the
output signal on line 208, which also represents the input signal to the second latch circuit 206.
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10 que nenory control circuit 18. In this way, the increnentercircuit 107
maybe used tosetthe address of the queue nenory system 24, and thereby
determ ne the next program address pointer will be supplied tothe CPU
12. Simlarly, the adder circuit 106 is connected to the stack circuit
121. In this way,the adder 106 circuit may be usedtosetthe addressenpl oyed
byt he stack circuit 121 to store data words such as the return address
of a subroutine. The 15 increnenter circuit 107 and the adder circuit 106
wi |l be discussed nore fuIIy I n connection with Flgures 8 and 9
respectivelvy. In addition to thethree major conputational
buses 116-120, the data menory control circuit 14 provides an internal
40-bit data bus 15. The internal data bus 15 is connected to the main

th it 40 (th h the d S2 t add t 106,
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recei ve and | at chis@p todlie spesd gftt@rcenpusfliotdhembirigats arid signad prtnmconmedtionsed i on from
the program menor Yetsihik B6W Mahy ta8kScaBd derfdined fi6h B8 §erleRAFpurpose rédfistegib@idieRRTOT Y

system The out pu ndsolfggajr nt;ﬁ:&’l%%?ehe pr ogram rrermry control circuit 16
I ncl ude each of t pcode rol lines LIrec the oper at.ion he

other circuit npo n&if’?‘“ehe*fme' gseprtests o "fﬂﬁ%’éspd BRLHE cwishe puiirtfep H’és
general |y conpraos gu’&p}:eg@n{ﬂ 168 (fgir tirgle precision), then compared by comparator 108 with another
- 8- value. Again, ajl of these tasks may be accomplished in a single clack cycie through a single

program instruction. Since the multiplier circuit 168 will begin its multiplying function as soon
as itis enabled by the appropriate opcode, its input signals will fluctuate until the output
signals from registers GP1 and GP2 become stable. Similarly, the input signals to the

25 comparator circuit 108 may also fluctuate until the output signal from the muitiplier circuit 168
stabilizes (via main math unit multiplexer 114). Accordingly, it should be appreciated that the
input signals ripple through the CPU 12 until all of the computations are completed for the
current clock cycle. '

Turning now to Figure 8, a detailed block diagram of the incrementer circuit 107

30 isshown. Specifically, incrementer circuit 107 is comprised of a pair of multiplexers 212-214 and
a full 40-bit adder 216. The multipiexer 212 is used to determine which of several possible input
signals will be incremented, while multiplexer 214 is used to determined which method of
incrementing will be employed. Input signal selection by multiplexer 212 is controlied by three
opcode or "who" lines, as generically represented by line 218. While the use of three who lines

35 could enable up to nine different input signals to be selected, the muitiplexer 212 is designed
to select between eight different input signals. While a standard 8: 1 muitiplexer cell couid be
used for either multipiexer 212 or 214, throughput may be enhanced by buitding these
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opcode or select bus 17. The program nenory control circuit 16 al so

I ncl udes a program

counter which could be enployed bythe stack circuit

121. Figure 2 also shows that the CPU 12 includes a local RAMcircuit

124.
40-bit. data words. As in the case of the general purpose registers 100,

| ocal 124 includes an input multiplexer for selecting

The | ocal

RAMcircuit 5

RAM circuit 124 provides the capacity to store up to

256
t he

bet ween the t'hree conputation buses 116-120, as well as its own output.

The address for the local RAMcircuit 124 is generated by one of two

sour ces, nanel

program nenory
provision of a logic analyzer mul tipl exer 126. The |ogic 10 anal yzer
mul ti pl exer

t he

that the |ogic arfdiheeigaisiihetiniikesesumed @ thiserogcei ves a nunber of i nput
signal s that be alt er natAuslicgtesio Fieart &dhefinput sembiem maltiplerad 19 o the fiegeneral

i nt er nal

y fromthe general purpose register GP4 or directly fromthe
data bus. Figure 2 further shows the

126 is u

1 d 1 det e t at f
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purpose registers 100, the data bus 15, the output from the local RAM circuit 124, and the
5 output fromthe que memory control circuit 18. In light of the fact that all of these possible

input signals are 40-=b1ts wide, except for the que address signai, line 220 indicates by the "(40)"

fabel that multlpiexer 212 is an 8x40 multiplexer. in contrast, the input signais for the
muitiplexer 214 are shown on the right side of Figure 8 to represent various incrementing
alternatives. For example, input signal “ 1" indicates that the input signal sefected by

10 multiplexer 212 will be incremented by one, while input signal "4" indicates that the input
signal selected by mult.iplexer 212 will be incremented by two. In light of the fact that the

incrementer 107 includes a full 40-bit adder 216, other 40-bit input signals could be selected by

multiplexer 214, such as the output from register GP3. The 40-bit adder 216 may be built up
from standard single bit full adder cells.
15 Figure 9 illustrates a detailed block diagram of the adder circuit 106. In this

regard, it should be appreciated that the design of the adder circuit 106 is quite'similar to the
design of the incrementer circuit 107. However, some of the input signals to the multiplexers

222-224 are different. For example,' the contents of register GP1 could be added with the

contents of register GPS, or even with itself if desired. 1t should be noted that both the adder
20 circuit 106 and the incrementer circuit 107 provide parallel incrementing and decrementing of

address registers. Additionally, these two circuits also provide alternative ways to

increment/decrement counters, as well as alternative ways to move data. All of the input words

in these two circuits are preferably treated as 39-bit positive mtegers

Referring to Figure 10, a detailed biock diagram of the comparator circuit 108 is
25 ‘shown. This figure closely follows the diagram of the comparator circuit 108 previousty shown

in Figure 3A. The compare mnemonic line 226 generally represents the three opcode lines
which determine the function to be executed by the comparator circuit 108. Inone

embodiment herein, the compare circuitincludes a 8: 1 output multiplexer, like multiplexer 212

of the incrementer circuit 107, and the three opcode lines determine which logic resuitant
3¢ valuewill be transmitted. In other words, the compare circuit 144 includes one set of logic

gates for determining whether the two input signals are equal (bit by bit), and another set of
logic gates for determining whether the two input signals are not equal and so forth. Thus, it

should be appreciated that each of the comparator functions are executed with each clock

cycle, and that only one of these resultants are selected by the output multiplexer. In this way,

35 thecompare circuit 144 operates analagously to the main math unit 40.
Referring to Figure 11, a more detailed block diagram of a portion of CPU 12 s
shown. Specifically, Figure 11 shows that each of the general purpose registers 100 are
'comprised of an input multiplexer 228 and a brigade tatch circuit 230. In this regard, the
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exanple, the logic analyzer multiplexer 126 is connected to each of the

t hree conpuf ati onal buses 116-120, as well as the output circuit 122
and each of the general purpose registers 100. 15 As illustrated in Figure
1, the logic analyzer multiplexer 126 is externally addressed, as opposed
to being internally addressed through the opcodes on select bus 17. This
ensures that the ~ operation of the |logic analyzer nultiplexer 126 does
not depend upon the proper operation of other on-chip circuits, such as
the program nmenory control circuit 16. , Referring to
Figures 3A-3D, a nore detail ed block diagramof CPU 12 is shown. In 20
Figure 3B, the data nenory control circuit 14 is shown to include a data
menory interface circuit 128 which is connected to the private and
shared data nenory system 20. The data menory control circuit 14 al so
i ncl udes a data adfla@astcidirkditi2pd iQHekar td 33t shéwrd atiguravDabdvenpdditiopdlig)fmpre 11 132

and a | atch ci rCu%rfowg‘t%é]t'eaqm}tk@re&imr&05'ﬁﬂti@de@ﬁﬁrg{Md@@éﬂbﬁ@korﬁédﬁ%%ﬁaﬂe\ﬂﬂd | be
di scussed nore fu tion,. .with Fi

: LN connect i Fi j
appr eci at ed t hat f“ﬁéplé’ﬁa?zéé"s‘e'fﬁhe?”é‘?]”g@fst ?'ﬁﬂsfedaﬁghg_%%?urtfqmg%'ﬁJelQ&eégét%ef?ﬁgre dat a
MEMDry system.20 vt niviticieesr RRBaY beusisinthe foliqwisgnsgpcugy gt tiplatched prfaptuieg 81
the 40- bit W de deiesd afgreduriehgstrictiomeycd Acapatinayatshéyidinappredatddghathgpalugour ces,
i ncl udi ng the cfreh @/ FoRdd irflererTRUTRYs Y/ re§idtérl1 607 feblth the last load instruction executed. Fi gur e
3B al so shows that the quﬁﬁuﬁeﬁ?ﬂ%er?@%{hgi!thgbgamﬁcirguﬁ dhtilc_tﬂnzrﬂ?d Rasinple| ar
at o ata

circuit arrangenent to th e | menor y égytrgrlmdgrlesrscwﬁtl 14, oHvever,
the que memory 30 HBAIEFSFA TG ErYS 2300 OREHEh £38 307 angdpress uipigter 308 TR may
be sel ected to autmnemitinsxerg3dispssdamelest the datatahe stgise: Whilh P Adessramubielex5 9o ne .
Additional ly, i, sdudhskele tia@idedds fotwaitindiis gateintormamoty canlid P36ostor readingglbtae may

be derived fromt I?t%mmlycipc'd{t Pﬁ?ﬁg&?ﬂ a4 sﬁswsgsé-tiomitﬂeeaﬂﬁa@ﬂ&rﬁ&onﬁw’ci&@ﬁe
regi ster GP5 has been sel ected i

r this functi it should be
under st ood t hat orl& “8ich i peditspssed mgre f”'f‘)'mocf"l’{‘ééwﬁgﬁheé%’lgﬁgur posed regi sters
coul d be used as wel | to shopd gsobpeoter that FigHis {shanF@p e ined2 yhiph jfabeled
Fi gure 3A shows easderalfspdclamedisipirt Tresdpwiatrgistersprprad the jegictersidentied frons f or
the progr a”%{“%ﬁ!?sﬁé{s “GOREdGH “AC infrEBI § belbG. in Lk rdgBidSTabIe giderdifieeh@lof e Dreen
o e Lo 2o SRR S B il G
-0- "The Routine Add input to the 51 muitiplexer ¥02 representslénts w3510 "38" of register GP5

which map into bits " 17" to "20" on the S1 multiplexer (with all other bits being equal to zero).
This particular input signal is useful for subroutine where it is desirable to directly compute
20 <ompressed addresses. Additionally, the Bit Selectinput to the 51 multiplexer 102 allows a

particular bit to be selected, placed into the bit-15 posit'ion and further operated upon.

25
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As indicated above, the select bus 17 represents a set of individual
condui ts whiich are routed to their assigned conponents. Accordingly, it
shoul d be appreciated that the input connection of t hesel ect bus 17 to
a particular conponent nay represent one or nore of the eighty conduits

whi ch conprise the select bus 17 in this enbodinent. In order that these
connections may be 5 nore fully understood, Table 1 below sets forth each

of the assigned bit |ocations in the sel ect bus 17.
TABLE 1 PROGRAM MEMORY BI T ASSI GNMVENTS
BI T LOCATI ON NO. OF BITS FI ELD MEANI NG
0to5 6 Main math function selection 10 6 to7
2 Main math Shift/Merge Mask sel ection 8 to 11
4 Sourcel Channel sel ection 12 to 15 4
Sour ce2 Channel sel ection : 4t 18 3
I ncrenenter Muxl sel ecti¢m -
Chan |Sourcel Source2 Logic Analyzer
S 0 GenPurpl GenPurpt GenPurpl
1 GenPurp2 GenPurp2 _ GenPurp2
2 GenPurp3 GenPurp3 GenPurp3
3 GenPurpd GenPurpd GenPurpd
4 GenPurp5 GenPurp5 GenPurp5
10 5  [DataRead DataRead DataRead
6 LocalRam LocalRam LocalRam
7 Proglmmed Progimmed MainMathOut
8 ProgCnt+ 1 ErrQueReqg AdderQut
15 9 QueAddr ErrProgCnt IncremOut
A QueReadReg | DivideOut DivideOut
8 BitSelect QutputReg QutputReg
C RoutineAdd | StkVal/Addr Stkval/Addr
D (=allt’s) (= all1's) (=0}, Spare.
20 E (=0 (=0 (=0), Spare
F (= +1) (= +1) {=0), Spare

Referring to Figdre 12, a detailed bloék diagram of the program memory control

circuit 16 is shown. In this regard, the program memory control circuit 16 receives a 120-bit

25 instruction ward from the external program memory system 22. The program memory control
circuit 16 is also capable of addressing the program memory system 22, as illustrated by
representative 24-bitline 244, The program memory controi circuit 16 includes a pair of latch
circuits 246-248, which together form a 120-bit wide brigade latch. However, in this particular
case, a signal connection is provided between these two latch circuits to a decode logic circuit

30 250. The decode logic circuit 250 is used to activate or enable certain power consuming circuits
on the CPU 12, such as the multiplier circuit 168 and the Binary to BCD converter 148. in other
words, the decode logic circuit 250 simply checks the value of certain bits in the 120-bit
Instruction word and captures these values in latch circuit 252. If, for example, the appropriate
functio_n codefor the main math unit 40 indicates that the instruction just received will execute

35 aBCD Eonversion function, then an "Enable BinBCD" signat will be transmitted from the latch
circuit 252 to the Binary to BCD converter 148. In Iight of the fact that the latch circuit 252 is
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19 to 21 3 | ncrenenter Miux2 sel ection 22

to 24 - . 3 Adder Mux1l sel ection 15 , - 25 to 27

3 Adder Mux2 sel ection 28to 30 3
Conpar at or Mux1l sel ection 31 to 33 3

Conparator Mux 2 sel ection 34 to 36 3

Conpar at or Mhenonic sel ection 37 1

Set the CQutputReg equal to Mi nMat hQut 38to 39 2
GenPur pl I nput selection 20 40 to 41 2

GenPur p2 | nput sel ection 42 to 43 2

GenPur p3 I nput sel ection 44 to 45 2

GenPur p4 | nput selection 46 to 47 ' 2

GenPur p5 | nput selec 48, 1 2.
ons1 to the.LC clock signals, itshould be a rec: d that the latch circuits 246 and 252
QueAddr essReg Inpu SUT 8GRk sie o @5 it

QueMem Read/ Wit € %Fwe t%mabﬂgade-‘vpe latchias welh, 5o 2

Local Ram | nput sel ect i onOfthe 120-bits received frofg3hetegte@! program memory sys@m 22, 80-bits are

Local Ram Add ress MAVidlily routed from latch circuit 4B dir&t1{d the components of CU 12 to direct theipt aCkRam.
I nput se l'ection operations. Duetothe Vg(g deQ fogﬁat used for the mstru on words of the EJQE K%q essReg

| nput selectio t |t|on
sel ection be appreciateddhat t8er76 no need for mlcro~cod§ decodlng The ;n'?ﬂﬂgn 65’65‘8% sour ce
sel ection 30 circuit 250 is usedhly in connection with a relatively few of the 80-isitpprasdg hr[gataMm Acti ve
72 dhly to reduce the fliwel@inQimipasrodi/e coupie bl cif@it components in the CPU 12. TRS

1 Dat aMe MO&¢bler M{n\me 1 &Dl‘é ﬁsgm‘.%l.\n word comprise the Pro raZ-:4angiiaZ§word . which 3
Dat aMenory Address o ég E g ue if desired. ?7 to 79 3

Dat aMenory Wi t'® VHPGESSITCE 2 8%F %'éf‘?’%‘h"a ueif desire 80to 119

40 Pr ogr am i Medi dbaprogem memyty controf circuit 16 also includes a multiplexer 254 which is

used to select a source signal for the program counter value. [n this regard, Figure 12 shows
each of the eight possible signal sources, with the Program Immediate word being one of these
signal sources. The resultant output from the main math unit 40 is another possible source of

15 the program counter value. This provision enables any program counter address to be
calculated hased upon an event. The output value from the que memory contro_| circuit 18is
also provided in reflection of the fact that the purpose of the que memory approach is to store
alist of program memory addresses (as well as subroutine arguments). Thus, for example,
when the que listis advanced to the next program memory address, the multiplexer 254 will be

20 instructed to select the "QueReadReg" source value. An interrupt vector signal provides
another possible saurce of the program counter address value. The use of an interrupt vector
signal at this juncture enables at least two different interrupt routines to be addressed in
response to an externally genetated interrupt.

The source for the program counter address signal is normally selected from three

25 of the opcode lines. However, a set of three logic gates are provided to respond to an external
reset signal or a jump condition. While the reset signal is received by inverting bgffer 258, a
multiplexer 260 is used toselect between one of eight possible jump criteria in this particular
embodiment. The muitiplexer 260 is controlled by three opcode lines {that is, bit locations 68
to 70), which are identified by the "How" label in Figure 12. Thus, for example, a program

30 instruction can be designed to check the output value of the comparator 108, and then jump to
another program address when the compare output is false, such as that provided by the "PCP1
Or Zero" signal. fable 6 below provides an example of how program jumps are
preferablyhandled by the CPU 12. While an instruction is executing, the current value of the
program counter is the next instruction to be executed. Accordingly, if the ProCountPlus1

35 valueissaved on the stack, the address of the currently executing instruction plus two is
actually being saved. In any event, it should be appreciated that a one instruction pipeline is
provided. In Table 6, the example is given for a jump to a single-line subroutine at address "X": .

25



Taki ng the input

conductors) are provided for controlling

sel ection for general purpose register GP1 as an exanpl e,
it wilbk :beseen from T Table 1 thattwo bit fields (that is, two

the input nultiplexer to this general purpose register, nanmely bit

the selection to be made by

| ocations "38" and "39". In this regard, it should be renmenbered that each
of the general purpose registers 100 nay sel ect between four different
i nputs, namely the main nmath unit conput ati onal bus 116, the adder
conput ati onal bus 118, the increnenter conputational bus 120, and its

own output (shown in Figure 11). Wth the need to select between four

signals in this enbodi nent,
lines are required to

nput

I nput
it should be appreciated that only two sel ect
create a possibility of four different binary
conbi nations. These sel ect I|nes are soneﬁbggs 10

referred to herei n as
"who" |ines, asthe bi ]

signal wll be select domﬁmmmmm ¢, | pur pose
regi sters 100, the daffa INSTRYGT@N ous : guestion

will be re-witten to g v Sy
the select bits are "P1 " (that is, éﬁvéﬁa?€§§”6*”6ﬂe) t he Acont
mai n math conpttati ongl bus 116 W |

arly,

when

Nt s on the

be Q & the peneral purpose
register. In the casel15 of Qeneral Bﬂ?é YFe* At s mpans that.

select line "38"

10

15

20

25

30

35

willl be a dygital ,hotescitliad® X

X [execute 1 line subroutine here} C

C [execute instructionatC} D

D [execute instruction at D] 13

The program counter itself is comprise of the 24-bit brigade latch 262. An adder
circuit 264 is provided ta increment the program counter vajue by one to create the
“ProgramCountPlus1” signal. The ProgramCountPlus1 signal may be used, for example, as an
address value to be stored by the stack circuit 121. A muitiplexer 266 also receives the
ProgCountPlus1 signal, as well as a Zero signal in which all 24-bits are set to zero. The
multiplexer 266 is controlled by an external reset signal. When the Reset signal is LOW, the
output "PCP1 Or Zero" will have the value of the ProgCountPlus1 signal. However, if the Reset
signal goes HIGH, then the "PCP1 Or Zero" signai will be zero. This zero address value wiil then
be selected by muitiplexer 254, and ultimately transmitted to the program memaory system 22
inorder to start an inialization routine for the CPU 12.

Referring now to Figure 13, a detailed block diagram of the data memory control
circuit 14 is shown. Asindicated above, the address for requesting data from the external data
memory system 20 may be derived from a variety of sources. Accordingly, the data memory
control circuit 14 includes the data address multiplexer 130 to select from one of eight possible
address sources in this particular embodiment. The multiplexer 130 includes two input sources
that do need some explanation, namely the signals labeled "QueAna" and "QueDig". These
two signals are derived from selected bits of the general purpose register GPS as shown. In this
regard, the QueAna signal represents the address of an analog signal processing routine,
whilethe QueDig signal represents the address of a digital signal processing routine. These
routines will be identified in connection with the descri ption'of Figures 14A-14Cbelow.

It should also be noted that the brigade latch 134 includes a recirculating
connection via 40-bit feedback line 268 and the multiplexer 270. The multiplexer 270 causes
the brigade latch 134 to recirculate the last data word if either the “"SharActive” or the
"PrivActive” signals go HIGH. The SharActive signal is an externally generated signal which
indicates that another computer entity is accessing the data memory system 20, but the CPU 12
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select line "39" wll be a digital "0". Likew se, when the select bits are
"10" (-an address of two), the contents on the adder conputational bus
118 will be witten to the general purpose regi ster. Lastly, when the
select bits are " 11 " (an address of three), the contents on the

I ncrementer conputational bus 120 will be witten to the general purpose
register. At this 20 point, it should be noted that in CPU 12 the | east

significant .bit position will contain the |east significant val ue of
any binary data field. . Wil e each of the general purpose
registers 100 requires only two select lines for their operation,

several of the other conponents require the use of considerably nore sel ect
| i nes. For exanple, as shomm in Table 1, the conparator 108 uses a total of

nlnelselect i nes. Specifically bit,.locations " 28-30" are used to

control input ( I\/ﬂ)’(’.’L’)"" Titets e ‘&k"’é‘?e"‘fﬂ'@’"‘eﬁ‘l i cpiiEsitthefifuactive signad infogmsthe, P 1250 t o
control input (MNP enginelicprhrusepentityAsprivatgischcdsising thsdate menary sySem Zhdndahapthgsed t o
control the type cef12ep0b6twiritdra the Oath@erfiy dydéniredndild alshBe rotap@t@e Or circuit 144

itself. In this "Dataﬁe%%"@utp&thﬁmqmpém%% cohthh clrit GARA B ﬁ)dgctad \mﬁ{tt\Wamb ng
eight different f H&C%altacws lé)c.m ngvc\eﬁhega Qeagora Wnte%fﬂre%g mem%glstemgtpé rkigngso t he

signals. The conpar a Functions are- en
mul ti pl exer assi gnrrent s Refesring pafigurei 14, Fdgspiled lock diagram of theque memory control

circuit 18 is shown. The que memory control circuit 18 includes a bi-directional interface circuit
274 which will permit both writing and reading operations with the external que memory
system 24. In this regard, data to be written to the que memory system 24 is derived only from
10 thegeneral purpose register GP5. However, it should be appreciated that que memory data
could be derived from other suitable sources in the appropriate application, such as the local
RAM circuit 124. The que memory control circuit 18 includes two brigade latches 276-278. The
brigade latch 276 is used to capture and hold the current que data value, which generally
represents a program memory address or a data memory address. The brigade latch 278 is used
1s tocapture and hold the next que memory address. In light of the primary use of the que
memory system to store an ordered list of addresses, the que memory system normally needs to
be incremented to simply obtain the next address value for transmission on the que memory
data bus labeled "QueReadReg"”. Accordingly, the que memory control circuit 18 includes an
adder circuit 280 which increments the current que memory address by one. However, for
20 those timesin which a calculated address value is needed, a multiplexer 282 is used to enable
other address signal sources to be selected. Indeed, one of these address signal sources may be
* arepeat of the current que memory address itself.
Two of the instances where the current que memaory address needs to be
repeated are represented by Figures 14B and 14C. Figure 14B illustrates the que memory word
25 format for certain digital signal processing routines, while Figure 14C illustrates the que
memory word format for certain analog signal processing routines. These digital and analog
signal processing routines are identified in Table 7 below. '

30

35
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TABLE 2 COVPARATOR FUNCTI ONS

ADDRESS OPERATION 5 0 : Equal
1 Not Equal 2 Greater than
3 Less than 4 G eater than
or equal 10 5 Less than or equal
6 _ Bool ean bit (If MixI bit 15 is true)
7 . Mux1 and Mux2 not equal to zero
TABLE 7
Digital SubroutineAddr- Analog SubroutineAddr-
0- "Indirect" 8-OR[ 0 - “Indirect” 8-/
5 1-Init 9-XOR 1-1nit- 9-/]
2-Init # A - XOR# 2- + A -Spare
3-AND B-XOR[ = [3-+] B - Spare
4-ANb# C-Store (] 4-- C-Spé_re
10 o
5-AND D-Store#[] |5--I D-Init
6-0OR E-StoreAns [6-X E-Store{]
7-OR# F-Spare 7-X1 F - StoreAns
15

More specifically, itisimportant to note that both of the que word formats shown in Figures
148- 14C enable the CPU 12 to process a single que word which includes both a subroutine
address and the data argument(s). Thisisin contrast to a que list procedure in which the
subroutine address is stored at one que memory location and the data arguments are stored in
sequentially indexed locations in the que memory system 24. As a consequence of this

20 structure, many of the digital and analog signal processing routines occupy only one que
memory location, and take two instructions to execute,

Referring to Figures 15A-15B, detailed block diagrams of the output circuit 122
are shown. The output circuit 122 includes an input muitiplexer 284 for selecting the data
sourcé for the output word. For example, the main math output bus 116 may be selected for

% setting bits 0 through 10 of a 40-bit output register. As shown by the Brigade latch circuit 286,
these bits will be captured by the output circuit 122. Brigade latch ci;cuit 186 is also shown in
Figure 158, which illustrates the portion of the output circuit 122 that provides an arithmetic
“carry” signal from the main math unit 40. The combination of circuits in Figures 15A-15B
enable the cafry to be set, cleared, or read, and the overflow captured as well. When the main

30 math output bus 116 is not selected as the data source, then the output circuit 122 will provide

the output signals shown for each of the output register bit location in Table 8 below:

35
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TABLE 3 15 MULTI PLEXER ASSI GNVENTS FOR THE COVPARATOR

MJUX 1 inputs MJX 2 inputs _ _ 0 GenPurpl

0 GenPurpl 1 GenPurp2 : 1 GenPurp2 20
2 CGenPur p3 2 CGenPur p3 3 GenPur p4

3 GenPur p4 : : 4 GenPur p5 4 GenPur p5

5 Dat aRead 5 Value 0 6 Local Ram

6 Local Ram 25 7 Mai nMat hQut 7 Progi nmed
From the above, it shoul'd be appreciated that the conparator 108 may be
used to conpare any of the MJUX1 input signalswith any of the MJX2 i nput
signals in a variety of different ways. Thus, for exanple, a

determ nation nay be nade to see if the contents of 30 general purpose

regi ster GP2 are greater than or equal torAthgg contents of |ocal RAM 124. If
t he result is true (that is, a precise match is found), then the output
of the conparator 108 W || outputrb&ePEE true. |nsidabis regard, a binary "1 "
(000004. 0000) represents a true condition, and a bi nary "0" represents
a false condition. The result of the conﬁ‘??‘f’?@n may be accessed fromthe

- output register 122 at bit position "17" Resqysidlingestlle of the conparison nmay
al so be used ih the 35 program menory combdbRlerraittacuii t 16 to determ ne junp

condi tions. The mai n matcRalshbliatéies i s di fferent from nost
have an i nput MUl i Bl exer . Rathor, the MTESIS ng function s o
: : 5 Scope strobe 1
6 Scope strobe 2
10 7 Flag 1
8 Flag2
9 Flag 3
10 Flag4
11 Error last
15 12 _ Interrupt
i3 Carry
14 Lost
. 15 DivideDone
' 16 DivideErr
20 17 Compare Out
i8 Interrupt input
19 interrupt Vector
20t0 27 Error Count
281034 Chip Version Number
25 35 PowerEnableTestPoint
36to 39 Spares (= 0) -

Most of these signals are read-only signals, in that they are not "set" by or through the output
circuit 122. in other words, these signals have already been latched in other circuits.

30 Asindicated above, the output circuit 122 gathers together various signals in the CPU 12 and
forms a 40-bit word therefrom. While not shown, these signals may also be buffered to
increase their signal strength. Selected bits from this word may be read by other circuits, such
as the value of the output value from the comparator 108 (via bit location 17). Similarly, the
PowerEnableTestPoint signal may be checked through the logic analyzer 126 for quality control

35 purposes to test the power disable functions of certain circuits, such as the multiplier 168. The
DivideDone signal may also be checked, as opposed to counting the number of instructions it

should take for a divide operation.
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-12- ' perfornmed on the output side of the main math

unit 40, through the main math nul tipl exer 114. The main math unit 40
is shown in nore detail in Figure 3D. Specifically, Figure 3D . includes
acircuit block to illustrate each of the mathematical and | ogic tasks that
the main math unit 40 is capable of executing. Each of these

mat hemati cal and logic circuit blocks direct their 5 output signals to
the main math mul ti pl exer, except for the divider circuit 146 (shown in

Fi gure 3C). Rather, the 40-bit output signal fromthe divider circuit
146 is directed to the 52 mul ti pl exer 104 as one of its input sources.
This is because the divider circuit 146 enpl oys the conventional "shift

and subtract if possible" algorithmwhich requires several iterations to
conplete (that is 21 clock cycles). Thus, it should be appreciated that
division is perfornmed as~Rréeriithto Back g agratliedbicgicdiapsani af theliraer@Pldirdi 180 is

shown. in the form of the invention discussed herein, the interrupt circuit 180 is constructed as
part of the output circuit 122. Thus, for example, Figure 16 includes the same Brigade latch
circuit 286 as shown in Figures 15A-15B. While the interrupt signal input to OR gate 288 will be

5 externally set, it may be cleared either by jumping (via the interrupt vector address) or by direct
set/clear of the output register itself. The interrupt circuit 180 includes a comparator circuit 290
which receives the program counter source select signal derived in Figure 12. The comparator
290 evaluates this signal relative to a value of "3", as this represents the vector input to
multiplexer 254 in Figure 12.

10 Referring to Figure 17, a detailed block diagram of the error tracking circuit 182 is
shown. The purpose of the error tracking circuit 182 is to count the number of errors and trap
the relevant addresses where the last error was encountered. The error tracking circuit 182is
enabled when bit-2 of the output register is set, as shown in Table 8 above. In Figure 17, the
Enable error track signal is shown to be received by AND gate 292. AND gate 292 aiso receives

15 the Error matters signal from the special decode lines shown in Figure 12 and the Err signal
from the main math unit 40. When these three signals are HIGH, the presence of an error is
detected, the address where the error occurred will be stored by capturing the current address
from the que memory control circuit 18 and the current address of-the program counter of the
program memory control circuit 16 (Brigade latch 262 of Figure 12). in this regard, Brigade

20 latch circuit 294 is used to capture the que memory address, while Brigade latch circuit 296 is
use to capture the program counter address. The error count value is stored by Brigade latch
298. This value may be cleared or set to "0" by the Clear signal received by the multiplexer 300
from the output circuit 122. If the error count value is not being cleared, it could alternatively
be preset to a desired value through the pfogram immediate word, which is received by

25 multiplexer 302. Otherwise, an Add 304 is used to increase the error count by “1" when an
error is detected. The error count value may be read through bit-20 through bit-27 of the
output register. :

Figure 17 also shows that the error tracking circuit 182 incorporates a portion
ofthe Brigade latch 286 for setting or clearing the Error Last flag. The Error Last flég will be set

30 TRUE after a main math function results in an error, and it will remain TRUE until another main
math function is performed without error. it should also be noted that the Enable error track
and Clear error latches will have no effect on the Error Last bit.

Referring to Figure 18, a detailed block diagram of the stack circuit 121 is shown.
The stack circuit 121 features a RAM circuit 306 which includes thirty valid locations, each of

35 which are 24-bits wide. The values which can be stored on the stack RAM 306 are unsigned,
whole numbers (bits 15 to 38 of the word format shown in Figure 4A). The sign bit has no
effect on the stored values, or on addresses. The stack's a&dressi ng and data-storing abilities
are completely independent of each other, which makes the stack bi-directional. The user may
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As shown in Figure 3D, the main math unit 40 al so includes a binary to BCD
converter 148, apriorityencoder 150,a logical AND circuit 152, a logical OR
circuit 154, an Exclusive OR circuit 156, an adder/subtractor circuit
158, conpression and inflation circuits 160, a rotate/nmerge circuit

162, a parity checker 164, a bit calculator 164 and a nultiplier circuit
168. 15 The binaryto BCD converter 148 is provided to convert a 6-digit
Hexadeci mal nunber to a 8- digit binary coded deci mal nunber. The val ue
to be converted is supplied through the 51 mul ti pl exer 102. The binary
to BCD conversion is the only task in the CPU 12 which takes two cl ock
cycles. Except for this task and the divide task, all of the other -tasks
can be executed wi t hin one cl ock cycle. Accordlngly, it should be
appreciated that the data input via the 51 20 nultiplexer 102 nust remain
stabl e and sel ect ddksetr@bast widiressoftbegatk tinedt 12N ¢ walles whithgirdzaérahestdchgows, to resul t s
can be accur at el ynigRasHovedurkde. muit&!dsddoéssmthmrnn{mtf.htfrwb.tsioﬂh@mt 114.

The priority encoaaafoléaQoaFguaiggaalg%&%%aeﬁau qgusqpcﬁm&a9.!1;&%99%%58 ase 2)

and an anti - | %fg{ Eeral % priority
encoder 150 wil |l 308 fouldsprrespond to aqdsesse; 0000p.0A0K; 0pAINP-A0QZ-. fhay; 9000‘1(3?(&‘ ng the
sign bit, fromsthe 51 mnulAtenitiened pbotd)the sthqk cierpid 831 isdesionest se thataddresyespf e el y
under stand thi s oK idéomplatelydndpiefdentBf Roding déth 5Citl TRér@4te @ puthtvepdplbpéelidnilg System

errpl Oyed by t he qguré]dalonﬁ%ngealtn&nlgpihwe opérﬂloﬁshénsoeglﬁlg@{eﬁi Ach'r l)ﬁw%g%]tﬂws a
di agram of the

Virtually all nu taér‘?"ug{%‘”? i ct’sg‘%éeh'f & t?lasém""g“gae °"l{he+§ta':k ¥h°sfaﬂ‘g§°"'tr’r§'nner
as opposed to twonduieTipeR sour qafﬁ?@b%%'“ﬁi}ﬁb%‘%‘dvﬁar“le'y BEE’GBSP““"""S’BF'E% " 15
t hr ough "39", wp t et thepregrgmecbntér, theaumpsy frorgthl pddeqrizaiti 96@nd th8Qidck's eadutmtinber s
wi |1 }occupy 30 alalue. trhdse iRGUR iduicRRR recditid By R@LiIExeiBof n doRtF e Rldredtrakess t he

need for scal ed %lc& Wﬂk f recé’a{lgfr&rhthgkrzgg latch b %Oeq‘tﬁa est, %ree.ateﬁﬁr% ﬂo¥s?hnees s of

dat a COI’TpI’eSSI on techni ques e not e ger

portion of the e‘l‘f%’Feéf”H‘éf‘éfk\?\i?F"t?  iicped *tY%‘B“’Fb“?‘é 'P‘éétéﬁ'ﬁf’ddé?iﬂ‘r‘@%g‘@é Wi th
t he address Um'a"vee setfeam the/dutryt df the addeq dreuitips. tTheeadta't. the sk citeuit 314 may be
Transl ation toa Jseaneeiseink stha bddndss valhie Bysoné. allthmwﬁ/ely,hﬁe»mmercﬁégamwHeu'tea a

binary " 1, 35t hﬁgdm@vmmﬁﬁ wil SubBED e Lty& ada%hﬁl(xw:y%ﬁe ramtgawwaw,

positive. The int conversi on

Dbl e i nt o 6. HelpY Sl paSe il pyn sl hpirpth A isperfap st e no sy | 'r
fromleft to ri ghﬁ"‘“‘tfﬁéaldéé%ife o gheivh irtfame 7 Bi\eordingly, iproyid éiﬂbFH@chaSFE’ﬂ‘syt eis
al ways assuned  the hoiigexar 302 inshtvn in Bgure Tt begegersiySonspriseal ENDAfatedUL) 06013, 0

O FFFE, there Bgim8aki15,3Rd ReREH G4aiafti L1k should also be noted that line 317 represents one
-13- of the bit lines from the adder circuit 106.
When it is desired to store a value on the stack, the address must be set up first, at

least one instruction before the storing operation takes place. If an address change is made
along with storing data in the same instruction, this would amount to a post-increment or

25 decrement. Inother words, the data will be stored at the current stack address, and the
newaddress will be set up for the next store operatidn. When reading from the stack, the
address should again be set up first. Once the address have been given, the stack value will be
valid and usable during the next instruction. Reading is also the default operation, so this data
will remain valid until an address change is made.

30 _ Theissuance of a stack address value increment ar decrement outside of the thirty
valid locafibns in RAM circuit 306 will be treated asillegal addresses, such as addresses
000000.003C and 000000.003E. These addresses would result from issuing a StackAddr + 1
command at location “29" or issuing a StackAddr-1 command at location "0" - Such address
changes will be detected by the And gate 318, which in turn generates the Lost signal bitin the

35 outputregister. When astack over/under drawn condition is detected, the stack circuit 121 will
lock, and no more operations will be permitted until a legal address is loaded from the output
ofthe adder circuit 106. During this condition, if ajump to stack-value is done, the program
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nunbers where the LSBis "1" (that is, 0001, 0003, 0005, FEC7, and so
forth)s The-CPU 12 al |l ows both representati ons of.zero. For exanple,
the conparator 108 will recognize positive zero as bei ng greater that
negative zero. To prevent errors in calculations, the main math unit 40
wil | only return a positive zero for its calculations. However, the
adder circuit 106 and the 5 increnenter circuit 107 nmay return a negative
zero. It should also be noted that "-1" is provi ded as a sel ectabl e
choi ce atone ofthe two inputmultiplexersto the increnentercircuit

107,and thatthis is actuallyatwos conplinment nunber, as opposed to a "sign
+ magni t ude". nunber . Wth this nunbering system at
hand, an exanple of the operation for the priority 10 encoder 150 may now
begi ven. Thus, if the 51 nultiplexer 102 provides a Hex val ue of 1.FFFE,
then the result aolritewiite fet BIT2 I aenufipieddr BI0ywHadh @Itk sbIdldn@rrovoetb @rybautihe 0.06000.
This woul d i ndi cadygured. that the highest valued non-zero bit is in position

" 15", Simlarly, if th f
5E, 4A3. 2l5gB A;al’ t Kenl t he guéemr?gq ;u%l}r)e 1'[%1)1%6 etaa'e%%lcclidcagp moo\{g'g?‘ﬁi%@t%om\é@ 1%9 is 0

shown. As mentloned above, the rotatelmerge cireuit 152 may be used for a variety of smgle-

5 instruction bit rotates, maskings and multi-word merges. The rotate/merge circuit 162 includes
four different input sources, namely the output from the 51 multiplexer 102 {}abeled
“Saurcel"), the output from the S2 multiplexer 104 (labeled “Source2), the number of bits to
rotate (the contents of Source 1 to the right) via the first forty opcode bits for the main math
unit(Table 4), and the Mask selection multiplexer 322..The Mask salection muitiplexer 322 also

1p indudes four input sources, as shown in Figure 19, ,

The rotate/merge circuit 162 includes a rotate unit which is comprised of a set of
forty AND gates 324. The rotate unit 324 causes rotation, as oppased to shifting, as on bit
values are lost. An AND Mask unit 326 is included for masking selected bits from Sourcet with
one of the input signals received by the multiplexer 322. Another AND mask unit 328 is

15 included for masking selected bits from Source2 with one of the iripu_t signals received by the
multiplexer 322. Finally an OR merge unit 330 is provided for merging the Source1 and Source2
signals. For example, if it was desired to create a new word that contains bits "39” to "25" of
Source1 and bits "24" to "0" of Source2, the following method would be used:

(1) Select the beginning word for Source

20 (2) Select the beginning word for Source2

. (3)Select Rot-Mrg Mask: a word with bits "39'; to "25” set and bits 24" to 0"
cleared {such as the Progimmed value) '

(4)Select a rotate amount of "0" (nothing rotated)

(5)Direct the result from the main math unit to the desired store (such as one of

25 thegeneral purpose registers 100, or the Local RAM 124) ' ’

Referring to Figure 20, a detailed block diagram of the bit calculator 166 is shown =
Inthis regard, it should be appreciated that the design of the bit calculator 166 is similar to that
of the rotate/merge circuit 162. The bit calculator 166 has the ability to change one or more (up
tq forty) random bits in a 40-bit word to some common value. The output from the selection

30 ‘ rﬁulti plexer 170 will either contain all ones {Set) or alf zeros (Clear). When Set, the contents of
Source1 fall through to the Merge unit 332. Similarly, when Clear, the contents of Sourcet are
blocked from the Merge unit 332. The other two input signals to multiplexer 170 can each be
used to generate appropriate mask values at run time. For example, Flag 1 can be set by storing
+000000.0100 in the output register. The value of Source1 also provides a mask to the Source

35 2valuethrough Inverter unit 334. After masking, the values for Source1 and Source2 are
merged into a single 40-bit word. In order to illustrate the operation of the bit calculator 166,
another example will be provided. Specifically, consider the situation where it is desired to
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+ 2 1.0000. Using the hardware assistance provided by the priority encoder
150, the 15."characteristic" value for scientific notation (that is,
floating point notation) may then be obt ai ned t hrough software
mani pul ation. In this regard, the input word may be visualized in
accordance with the diagramof Figure 48, where y can go from+ /- 32. If z
=[(1 + x[err] + x2) * 2 to the yl, then a close approximation to the
|l og of z can be determ ned from-a series expansion as approxi mately:

20 ' [err]

A tabl e | ook-up (based upon the value of xlI) will yield the values of kil
and k2 (therew || be 256 . segnents). The conbi ned answer is then: 30
log2(z) =y + k1l + (x2 * k2), with the answer in the format shown in

Fi gure 4C. Summari zi ng the process then: B 1) Submi t
z to the Log -assi SearRhefaRtpiten 2 werp.creeriiferbity i3 tthe Shvhicirbdie eH#in prsbanagd. In

regi ster (subtr acthisikssettoe fgiiwirglrethodiveildd efempylpyed 35 2) Shi ft
z to get the MBhit into bjijsei@Bthe Wéts &bdBbditics (sheicel M ne x1 and x2.

3) Using x1 as the indeg., iltcg?ula-[g}méﬁ:&lgpk_up to get kl and k2.

4) Compute 1 o0g2(z) (Note, 1 I'S nedatlve, a slieghltl difffserent g
al gori t hm woul o appl y()a).Selecta ask, such as vaiue tnput for Source1 (a wor

-14- with all one's except for bits “ 19" through " 15", which would be zeros)

he Program immediat

(4)Direct the result from the main math unit to the desired store (such as one of
the general purpose registers 100, or the Local RAM 124)
Referring to Figures 21A-21C, detailed block diagrams of the multiplier 168 are
10 shown. More specifically, Figures 21A-21C represent the multiplier 168 during different
muitiply operations. In Figure 21A, the multiplier 168 will respond to main math unit codes
“40" and “41" by providing full multiplication precision. in this case, either the upper or lower
40-bits may be selected through the main math unit output multiplexer 114. In Figure 218, the
multiplier 168 will output the middie 40-bits, namely bits “15" to "53" plus the sign bit. Insuch
15 acase, itshould be understood that very large or very small numbers will lose digits. However,
an overflow error will be detected when a bit shifts into the sign po;ition (bit "53" of the "79"
bit product). The resuiting error signal will be sentto the error tracki ng circuit 182 for further
processing. Additianally, if the magnitude of the product is zero, then the correction circuit
176 will set the signto be ﬁositive. Figure 21C represents the operation where the product will
20 be added to the contents of one or more of the noted general purpose registers 100. it should
be noted that all inputs should be positive values, as no mixed sign math is corrected or checked
in this particular embodiment.
Referring to Figure 22, a detailed block diagram of the divider circuit 146 isshown.
As indicated above, division is performed as a background processin the CPU 12. The
25 numerator is presented to the Source1 input, and the denominator is presented to the Source2
input. The result of a divide operation will be available on the 21th instruction following the
StartDivide instruction. This result value is accessed by selecting the Div Qut value as the main
math unit Source2 input signal. The DivideError bit and the DivideDone bits will be transmitted
to the output circuit 122, in this regard, bit- 15 of the output word (DivideDone) will be cleared
30 (LOW) by the StartDivide instruction, and will return HIGH after “21" instructions. Similarly,
bit-16 of the output word (DivideError} will be cleared (LOW) by the StartDivide ihstmction,
and will go HIGH after 21" instructions, if an error occurred.
The divider circuit 146 employs a conventional “shift and subtractif possible"”
algorithm which has its own clocking scheme. The DiviSet and DivESet clock signais occur at
35 twice the frequency of the EC and LC clock signals. The StartDivide instruction signal initializes
the numerator and denominator in their respective latches 336 and 338, after which the divider
circuit 146 is a stand alone co-processor. While the divider circuit 146 cbuld be made faster, a
large number of gates would be required for a relatively marginai improvement in speed.
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Note that the nunber of x1 segnments and the final format yields a 1 part
per mklion«accurate value for. the log. Also, this value can be
converted to the normal data word format by multiplying it be (2 to the
- 19t h). The anti-1log conversion to the base 2 will now be
described. Gven a nunber in 5 the above described Log format, it can be
parsed as shown in Figure 4D. For positive val ues, then,z =

2t ot hepower (y + x1 + x2). Notethatxl is 512 segnentslong. So, becausex2 is
smal |, and using another series expansion, : z =
[2(tothey)] *(2(tothexl)]*[1 + x2*Ln2] Sunmmari zi ng the process, then:
10 Parse the input word into 3 segnents, y, x1, and x2.
2) By Tabl e | ook-up, determne the value of 2 (to the x1).

Additionally, a divide operation could be avoided by multiplying by 1/x rather than dividing by
X.

Referring to Figures 23A-C, a detailed block diagram of the binary to BCD

converter 148 is shown. As indicated above, the binary to BCD converter 148 is used to convert

g ab-digit Hexadecimal number to a 8-digit binary coded decimal number. For example, the
decimal number " 10" will be represented as "A™ in Hexadecimal and "1010" in binary.
However, once converted, the BCD equivalent number would be represented as “0001 0000",
as the decimal digits are treated independently in BCD format.' Figure 23A illustrates an overall
block diagram of the binary to BCD converter 148. The binary to 8CD converter 148 is shown to

10 ctomprise a BinBCD module 340 and an ASCli sign value module 342. The 6-digitinput word is
taken from the integer portion of the wdrd in the format of Figure 4A. When converted, the 8-
digit result need only occupy bit positions "0" through “28" of the main math unit output.
Only 29" bits are needed for the result, because the most significant digit can only be a zero or
aone. Positive and negative numbers are designated by bits “32" through 39" of the result.

15 The ASCll code equivalent for a + or a-is placed here, based on the sign bit (bit-39) of the
Source! input word. For positive numbers, 2B(h) is used for the sign, while 2D{h) is used for
negative numbers. |

Figures 238-23C illustrate a more detailed block diagram of the binary to BCD
converter 148. In Figure 23B, the Source1 line is fabeled "S1”, as it represents the output from

20 theS1multiplexer 102. Figure 23B also shows that the binary to BCD converter 148 receives the
Enable_ BCD signal from latch 352 of Figure 12. The Enable_ BCD signal is buffered by
inverting amplifiers 344-346. Bits "15" through “38" of the §1 signal are directed to a set of
AND gates 348, while bit "39"is directed to NAND gate 250. The buffered Enable_ 8CD signal
provides the other input to these two gates. The Enable_BCD signal will enable the S1 signal

25 topass through the AND gates 348, and thereby activate the binary to BCD converter 148. As
appreciably more electrical power is consumed when electronic components undergo signal
transitions, the use of a LOW Enable_BCD signal has the effect of substantially reducing power
consumption in the binary to BCD converter 148 when its use is not required. The enablement
of the binary to BCD converter 148 may be checked through the BinBCDActive signal, which is

30 generated by activity detection logic gates 352.

The binary to BCD converter 148 includes a Term__Gather module 354, which is
simply an electrical connector that routes appropriate ones of the 24-bits passed through AND
gates 348 to specific bit lines in each of the seven converter stages 356-368. Each of these seven
converter stages 356-368 is shown in Figure 23C, As illustrated, each of the converter stages

35 356-364 contribute to build the 29-bit BCD resuit, which is labeled BinBCDOut. The converter
sfages may be constructed from a series of full adders (such as LS| Logic full adder cell FA1A).
Figure 23C also shows that ASCH sign value module 342 is simply comprised of an inverting
amplifier 370 and bit line 372.



3) Conmput e equation [2 (tothe x 1)] *[1 + x2 * Ln2]. 4)
Shift the above val ue by y pl aces. . An exanple w |
now be given using the alogrithns described above for 15 Log and anti-Log
conversions. In this exanple, the problemw || be to take the square root

of 20, 000. This exanple will take the Log of the nunber, divide it by
2, and then take the anti-Ilog to get an answer. Step 1
- The Log assist hardware (and some shift/merging) yields an internediate
val ue of 1.2207031 x(2tothe 14) 20 (14 is derived fromthe
bit position being 29, and subtracting 15 (deci mal point position), and
shifting the original word to the left to conformto the internediate
format.) This leads to the values of x|l = 56/256, and x2 =
1/512. ﬁPpIylng the equations, log2(z) = 14 + log2(1 +

56/ 256) eferring to Figyre 24, pdstaited b"’"(dﬁg‘? e 51@! djqeher 16475 2/ 512) |
25 shown. The paritylcHecker is Q81046305 r@ceived R 2r 3By, 8r tocrdate AT withD, 5

St ep2- Di vi det heLogyrity ¢ Byimunicatibn grétdcoBSiPposes). The parity checker 164 is showrto®P comprised aken

;hg (;m'; il- 2093/2521; 073 53‘3:3&%%?“25%6@ 33§?§§$aﬂ§mﬁ%%{3k/u % €5 bits "15" to “23" of the Source}a\ hswer

— [ 2 to the 7] *5[ 2 suPr&l (Plhtgut-frgpgfé m Itlplg;erxi q_tné nstlﬁjeastﬂgmflcant bitin the integer -
| eft shift 7 ti megortionof 1!@30-817\@1'()@@]& of Figfire 4@0‘({)e BOQR gar4s@fe used to detect whether or
[2 to the 7] *[ botkRMndibimberileven or odd. If the input number is odd, then bit-23 dili. béi3dt, vikike

V\hen a scientific o%ut%ﬂéxéh&iteds& sHsqe- tta‘i’zﬁﬁhl\éﬁoﬁe*b‘é‘sséi%%udﬂl‘:&lﬂé,%Sﬂx Mn'%ﬁut' S, a
T1-60), the answer

6.
be appreciated t haf'tp‘ftk'f'é' 't'gﬁﬁivgﬁ ‘8?‘8&??’ tgatf F"S'&wé’éh?%améf"a‘b "eﬁt set forth
above is still ®orrect toReie"pS‘aF"cF'gﬁ@FZszF‘F @dﬁalled block dlagram ofthecompressrpﬁélrcAND
circuit 152, the ORisheveuMorelfpdiiiniFigunec2skiiGitats the partionbbhe compressivn circuit

i npl emented thr Ongbvﬁicﬁﬂh@onH io‘tlkkyt@dpt'esmﬁl RiAAIoR infaflMatSunit bptolid Ve "), knfigéll d, the
DI cal Ul a0 or ol ililasy s SORSo WS Bl Ve RROLGAR sShd U1 L7

The bit cal cul ator,.
-15- compress code function {(main math unit opcode 61"). Inthe compress data function, the

15 compression circuit 160 evaluates a 40-bit data word as eight 5-bit nibbles. The zero value
nibbles are removed, and the non-zero nibbles are left justified. For example, if the data word
submitted is:

00000-00111-00000-00000-00110-00000-00000-10000,
then the left justified ReadResidueValue ("RRV") will be:

20 00111-00110-10000-xXXXX-XXXXX-XXXXX-XXXXX=XXAXX,
where xxxxx means "don't care". As shown in Figure 25A, the data word to be compressed is
received from the §1 mulitiplexer 102. Each 5-bit nibble of the data word is processed through
an OR gate to determine if any of the bits are set (that is, having a HIGH or non-zero value).
Each of these OR gates 374-388 produce a single bit signal which indicates whether its nibble

25 wasnon-zero. Thus, for example, OR gate 374 produces a signal labeled "Nib0S", which will be
HIGH if any of the bits "0" through “4" of the $1 data word were non-zero. The combination
of these eight "Nib__S" signals identify the position of the non-zero nibbles in the S1 data
word, and this combination is referred to as the "MN" code. Accordingly, an MN code of
*01000000" would indicate that only the Nib&S nibble was non-zero. These MN code bits

30 c<ontrol the operation of an array of multiplexers 390. The multiplexers are connected together
and controlied by the MN code to shift delete any zero nibbles and shift the remaining nibbles
to the left. For example, signal Nib 15 is zero, then multiplexer 392 will select bits "0" through
"4", rather than bits *5" through "9". . '

Figure 25B and 25C illustrate distinct aspects of the compress code function. In

35 thisregard, the compress code function is used to create a four field code for the number
received from the S1 multiplexer 102. The first field in this code is the size of the RRV number.
The size value is equal to five times the number of non-zero nibbles in the §1 data word.
Accordingly, the compression circuit 160 includes an adder/multiplier circuit 394 which adds all
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20. The bit calculator circuit 166 has two main functions, nanely to mask

(that irs, AND) and to nmerge (that is, OR). Since both. masking and
mergi ng can be performed in the sane i nstruction, this operation may be
preferred over selecting the AND circuit 152 and the OR circuit 154

I nconsecutive instructions. The bit calculator 166 nmay al so be used to

I solate certain 5 bits. The bit calculator circuit 166 includes a

mul ti pl exer 170 to sel ectwhich of the three logic functions should be
executed. The selection code for the nmultiplexer 170 is derived fromthe
main math unit function selection codes which are set forth below in Table
4. These codes are provided frombit |ocations "0" through "5" of the
sel ect bus 17, as shown in Table 1. In |ight of the factthat 6-bits are
enpl oyed for the main math function selection, a total of sixty-four 10
code conbi nati ons °5‘f‘%”iﬁ¥%ﬁiqnﬂtﬁ"€ times this value by five. The result is a 6-bit signal which also provides

TABLE 4 the input to a comparator circuit 396. ThelgthdrdtdXTirduit Y6 TheRRsINGHEd iTORR €ODES

from the adder/multiplier circuit 394 is equal to five. If the resultis equal to five, then this
means that only one of the eight niBbIes was non-zero. This “only one" indicator provides the

5  second field to the four field code. The third field is already brovided by the MN code. The
fourth and final field is determined by the OR gate logic circuit 398 of Figure 25C. As shown,
the OR gate logic circuit 398 is arranged to generate a 3-bit "SN" code. The SN code represents
an integer value which identifies the singular non-zero nibble in the 51 data word (from Most
to Least significant).

10 Figure 26 illustrates the reverse operation to the compress data function. During
inflation, the left justified RRV number is supplied to the inflation circuit 161 via the 51
multiplexer 102. However, in order to decompress, information from the MN code needs to be
supplied. In this particular embodiment, the MN code is supplied to the inflation circuit 161 via
the 52 multiplexer 104. Asis the case of the compression circuit 160, the Nib__S signals of the

15 MN code control an array of multiplexers 400. The Nib__S signals aiso enable a set of AND
gates 402 to pass through those nibbles with non-zero values. As with the compression circuit
161, the output of the inflation circuit 161 is directed to the output multiplexer 114 in the main
math unit40.

Referring to Figures 27A-278, exemplary single instructions are diagrammatically

20 illustrated. inthis regard, Figures 27A-278 illustrate the compound superscalar capability of
CPU 12 according to the present invention. More specifically, Figure 27A shows a block 404
which represents a single instruction. In other words, all of the operations contained in block
404 may be coded within a single 120-bit wide instruction (80-bits comprising the opcode
portion of the instruction). Block 404 includes a set of instruction blocks 406-416 which contain

25 one or more instruction operations, some or which are compound instruction operations. For
exampie, block 406 includes a multiply operation 4.1 8, a compare operation 420, a store
operation 421 and a "jump if compare" operation 422. The multiply operation 418 takes place
inthe mu!:tiplier 168 shown in Figure 3D. The muliplier 168 receives the contents of general
purpose register GP1 from the $1 multiplexer 102 ahd the contents of general purpose register

30 GP2 from the 52 multiplexer 104. While not specfically illustrated in this figure, Figure 3D
shows that the multiplier result could also be added to either general purpose register GP3,
GP4 or GP5 as well. The output multiplexer 114 of the main math unit 40 is coded to pass
through the result from the multiplier 168, and the input multiplexer 140 of the comparator
108 has been coded to receive the result from the main math unit. Asillustrated by data block

35 424, the input muitiplexer 142 of the comparator 108 has been coded to receive the contents of
general purpose register GPS. The comparator 108 will then generate a 1-bit output signal
which will indicate whether or not the value from general purpose register GP5 was the same
as the multiplication result. If these values are the same, the multiplexer 260 in the program
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Functional Sel ection Oto

Cont. Code

Rot at el nerge, the code 39 = s num of
right rotates 15 40 mul tiply (nmsb 40)

41 multiply (1sb 40) 42 *
multiply (mddle 40-bits out) _ 43 *
mult + GP(5) ) 44 mult + GP(3)

45 * nult + GP(4) 20 46 * nult +
GP(4) + GP(5) 47 di vide (single prec)
48 | og (base 2) ' 49 Binary to
BCD (i nteger) 50 Parity 25

51 # add and gencarry 52

bi t cal cul at or 53 and

54 i nor memory control circuit 16 will be set to cause a jump i the program ceyneer value to one of

56 *  addthdllected input signals to multiplexer 254. As illustrat&rtby store operatioff 4B (ke resufear ry and
gen Carr y from the multiplier 168 will aiso be storedﬁ-ﬁhe que memory :yst§r"r'£ht. ract 5

gi So&frg:, essCode lrgguction block 408 includes an increment operation l%sznd aS s(%orggcczae .

ConpressData 5

operation 428. In this regard, the incrementer 1063employed to pqlffqnatoéhe value
received from general purpose register GP3. This incremented value, such as an address value,
is then stored in the Local RAM 124. Block 410 initiates a binary to BCD operation 430 using
general purpose register GP1 as its input number. While many binary to BCD operations may

be fully completed in a single clock cycle, Figure 278 shows that the output from the binary to

10

15

20

25

30

35

BCD converter 148 may be utilized in the subsequent instruction. In this regard, Figure 278
show an instruction block which includes a store operation. More specifically, Figure 278
indicates that the conversion result is stored in Local RAM 124,

The single instruction block 404 of Figure 27A afso includes an instruction block .
412, which features an "add 1" operation 436. This add operation utilizes the adder 264 in the
program memory control circuit 16 to add one to the program count, and then
thisProgCountPlus1 value is stored in the stack 121, as répresented by storage operation 438.
Block 414 shows another addition operation (operation block 439). However, in this case the
adder 106 is employed to add the contents of general purpose register GP4 to some other
value, such as the constant one (shown by data block 440). The result of this add operation is
then stored in general purpose register GP4 {shown by storage block 442). Accordingly, it
should be appreciated that this particular compound instruction operation makes dual use of
general purpose register GP4 in the same clock cycle. Instruction block 416 is also included to
illustrate that the output circuit 122 may be controlled by the selection operation 444. Inthis
case, the output from the main math unit 40 will be stored in thé output register.

Figure 278 shows two additional instruction blocks 446-448 which are contained
in single instruction block 449. Instruction block 446 shows that general purpose registers GP2
and GP3 will be added together in the incrementer 107 {(operation block 450). Then, the result
will be stored in the que memory system 24 (shown by storage block 452}. Block 448 simply
shows a divide operation 454, which is initiated but not completely in this clock cycle that this
instruction executes. Nevertheless, it should be noted that the contents of GP1 and GPS may be
used by the divider through the 51 and 52 muitiplexers 102-104, respectively, during the same
instruction as block 446, as the incrementer 107 does not depend upon the $1 and §2
multiplexers for its input values.

The present invention has been described in an illustrative manner. in this regard,
it is evident that those skilled in the art once given the benefit of the foregoing disclosure, may
now make modifications to the specific embodiments described herein without departing from
the spirit of the present invention. Such modifications are to be considered within the scope of
the present invention which is limited solely by the scope and spirit of the appended ¢laims.
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The functional selections that

have been identified wih the asterix synbol I ndicate that an error

flag W s SlesPabBech Retiieal | Y sel ected and brought o
' | EllﬁJ in Figure 17).

tracki ng
scal e val
error co

|

ected. The 5 arithnetic functions w

automatically correct zero to be equal to + zero. The functional
sel ections that have been identified with the pound sign synbol "# "

i ndi cate thatthe
t he answers wi ||

conpression and inflation circuits are generally designated by reference

conpress data 10
function is used

nuneral 160. Together these circuits provide a conpression code function,
WM TBWEPBhd an i nflation function. The conpression
to return a four field code forthe nunber provided by

.error bit will be converted to a Carry Flag, and that

be transmtted as conput ed. The

the 51 nmultiplexer 102. Theemangpé@sisg chitinmich is aphbl©dT p@tbahitgii €8 than one

10

15

20

25

30

35

operation in a single clock cycle, comprising: -

a plurality of independent computational processors, each of said computational
processors being dedicated to at least one unique mathematical function, and at least one of
said computational processors including at least one logical function- _

a plurality of registers, each of said registers having selectable input por't's which
areindividually connected to the output port3 from each of said computatjonal processors, and
each of said registers having an output port which is connected tq'an input port of atleast one
of said computational processors;

a data memory data bus, and a separate program memory data bus;

data memory control means for receiving and transmitting data words on said
data memory data bus, said data memory control means having an output port which is
connected to an input port of at least one of said computational processors; and

program control means for receiving an instruction word from said program
memory data bus which includes a series of assigned bit locations to represent the selection
codes for said central processing unit components, and for directly transmitting said selection
codes to said central processing unit cohponeMS. .

2. Theinvention according to Claim 1, wherein said central processing unit
includes an execution sequence data bus, a separate execution sequence address bus, and an
execution sequence memory control means for receiving data words on said execution
sequence data bus which represent pointers to the beginning address of a routine of
instructions stored in a program memory, and for generating an address word on said
execution sequence address bus.

3. Theinvention according to Claim 2, wherein said execution sequence memory
control means also includes input ports which are individually connected to the output ports
from each of said computational processors.

4. The invention according to Claim 2, wherein said central processing unit
further includes a stack ci rcuit, said stack circuit having an input port connected to the output
port from one of said computational processors which is dedicated to providing an
incrementerfunction, and an output port which is connected to said program memory control

means.
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the 40-bit data word as ei ght 5-bit nibbles. The inflate function is used

to restore_a conpressed val ue which is presented on the 51 nultipl exer
102. The conpression and Tnffation circuits wll be di scussed nore
fully in comh%%ée@Has\ﬂeLnfke res 25-26. 15 The rotate/ merge

circuit 162 h nctions, namely a 405t mask
and a nerge. Hfr Tabl e 4 shows that t G i on
codes may be termi ned how many bitg ‘ he
rotated. The rotate/nerge circuit 162 will be I :
W th Figure 19. The parity circuit 164|s Usea-tu pass

bits " 15" through "21 " to the main math 20 output bus 114. If the nunber
of .set bits in bit positions "15" through 23" (9-bits) is odd, then t he
main math output bit "22" will be set. This builds a 7-bit data word with

odd parity from an isnphetinvensieriaceprdingso £laimd. whereln onagfeyd eomREREYenal nput bits
"22 and "23" ar eprd@ksoriaidesindi@iecsspiundlityplindependericarsputation circuits and source means [ gure

3D shows the mul Fo#glehﬁgtré@&p&%«;?n &soﬁncﬁé S Fredd 6K siriREheds irdultBERN BEL ai | ed
25 circuit wthi indi cated by the main math

n h
uni t functional sa'd°°'§‘é”|t%'8?f'iﬁ'ﬂ“%ﬂd%°m8\%at'l°aglpr°cﬁs “the nultiplier 168 is
capabl e of seweral different operations i nvolving multiplication. In
the first place,the nul te pheimentibtScardiad tadieisn Saw!BestrB9urea mMeansiricludes@ippicefi t

]-}72 fOII:l produci Ngygp Imél-ctlrhms |aﬁﬁakmsaﬂrnm1¢ﬁkerElfcmffhﬁshﬁmbtﬂpb&wmﬂﬁwsor eceived
romthe 51 104. In this regard,
conng&g %)oetF e out O%uﬁ)%oﬁ{%‘r%%é Jﬂpr 3t n{wcgr{tm frethe. g

t he upper or |ower uct” may be selected fromthe main
mat h output rnultiplexer 114. The nultiplier 168 al so i ncl udes an Add
circuit 174 whisch wil| aid@hetifvention exderding toClaim 1 Weeredsrid gentral|Praesfingsinite r cui t
172 to the CoaL@RE BoiDinakie Matiplgervabflinpitfoposeconegidtoatie odipdy poiitonor  GP5.

An error correctig 6 lrg Plasibs idvdigled for negative zero
correction. The my f{i;%) ?oelthf%J' fplrf’raf’sos nl r?c | udes da second Add circuit

178 to achieve a further conpounded arithnetic operation. In this case, the
contents of 35 general - pluifirirention gicardiag i Ctaioy!. whrteitsar central PERdefeieg Y get her
and then this f@r aduads atompadedraitvhose inplitpertyareodidduatiyconmedtivao 86 RBOUtPDAtY | pI i er

circuit 172. from a plurality of said registed bRt 183 Ak 5QaidAGatidA@lpldddsolsPU 12 i ncl udes
an interrupt circuit 180 and an error tracking circuit 182. The
interrupt circuit 180 is used to detect and | atch an external IQ/

-17- 9. Theinvention according to Claim 1, wherein said central processing unit

includes error track means for tracking errors in at ieast one of said computational processors.

20
10. A very long instruction word microproi:ess_or, comprising:
a main math unit wht;se output lines provide an internal math bus;
an adder unit whose output lines provide an internal adder bus;
; an incrementer unit whose output lines provide an internal incrementer bus;
25 a plurality of general purpose registers, each of said general purpose registers

having a first input port connected to said main math bus, a second input port connected to
said adder bus, a third input port connected to said incrementer bus, multiplexing means for
selecting one of said input ports, and an output port which is connected to an input port of
each of said main math, adder and incrementer units;

30 ' data memory control means for receiving and transmitting data words on a data
memory data bus, said data memory control means having an output port which is connected
to an input port of each of said main math, adder and incrementer units; and

program control means for receiving an instruction word from a program
memory data bus which includes a series of assigned bit locations to represent the selection

35 codes for said microprocessor components, and for directly transmitting said selection codes to

said microprocessor components.
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generated interrupt signal. The interrupt signal is then transmtted to the
program nmenory control circuit 16 for responsive § The i nterrupt

circuit 180 wrtt—be—+rmre fully described in connegtipa re 16
The error tra |ng circuit 182 i s designed to count 3

address (that ounter val ue or the que~asd 4 ast
error enco H ror tracking circuit 182 may be enat
di sabl ed throu "2" of the output register -122. The error

tracking circuit 182 wil be nore fully described in connection with
Figure 17. Turning now to Figures 5A-5H, a general
schematic diagramof the CPU 12 is shown. Mre specifically, Figure 5A
illustrates each of the input signals received by the CPU 12. 10 Figure 5A
al so provides a break out of the signal |ines which conprise the opcode or
select bus - 17. |n eatfhdavsationpiserdingivtsieimi0. wherpsaig mpir B @¢nit §<etfE? osed

wi t hi n bracket s. pluFlitysaf sif@ta@ecasigrperable mathdning chbdngl Idgigal plofeassinglciadoitd. &d olitbutDat a

I'n" isofthetype mffhiexerMRamMid? cbickthdhelolitpGABIDE fronEshe ofkbld mathematical and logical

processing circuits for transmission on said internal math bus.

5
12. The invention according to Claim 11, wherein said main math unit includes
source means for selectively connecting the output port from at least one of said general
purpose registers aﬁdlor the output port from said data memory control means to each of said
mathematical and logical processing circuits.

10
' 13. Ina cemputer having a data memory, a program memory and separate data
memory and program memory data buses, a central processing unit which is capable of
- performing more than one operation in a single clock cycle, comprising:
a plurality of independent computational processors, each of said computational
15 processors being dedicated to at least one unique mathematical function, and at least one of
said computational processors including at least one logical function;

a plurality of registers, each of said registers having selectable input ports which
are individually connected to the output ports from each of said computational procé'ssors, and
each of said registers having an output port which is connected to an input port of at least one

20 of said computational processors;

data memory control means for receiving and transmitting data words on said
data memory data bus, said data memory control means having an output port which is
connected to an input port of at least one of said computational processors;

program control means for receiving an instruction word from said program

25 memory data bus which includes a series of assigned bit locations 'to represent the selection
codes for said central processing unit components, and for directly transmitting said selection =
codes to saia central processing unit components;

an execution sequence data bus, and a separate execution sequence address bus;
and .

30 an execution sequence memory control means for receiving data words on said
execution sequence data bus which represent pointers to the beginning address of a routine of
instructions stored in said program memory, and for generating an address word on said

execution sequence address bus.

35
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i ndi vi dual conductors. Simlarly, the bus |ine | abel ed "MMO Decode" is
conprised of "6" ~——ndividual conductors, nanely bit |ocations "O

t hrough "5" of the select bus 17.7T Ttaddi tionto 15 these bus-type signals,
Fi gure 5A al so sho ’s HasMiga] g iaé%ﬁ i nes, such as a reset signal line
| abeled "H2 O ear" ﬁ e CPUt2. Simlarl i

the two primary cIo sets "EC' and "LC', '

rel ated cl ock signals use divide circuit 146

ESet" and "Div LSet"). Each of t hese cl ock signal sw || “ge=¢A S
connection with Figure 6 below. Furthernore, Fi gure 5A shows the provi st on
of two interrupt 20 signals, nanely "10 Interrupt” and "lInterrupt Vector"

The 10 _Interrupt signal provides a conventional request for attenti on
signal (that is one masked_interrupt si qnal which will cause
transfer of control to oWe™5f" WP EFHEY ﬂf'é'F‘r'a'the'lﬂﬁm‘if?fg"°P‘Bﬂ‘tt?tl?5§ p0| nt ed

to by the interr @ppressorsincygagindudesi ;y."gﬂty of independent computation cnrcutgpg:(jprgcdggagqqows
each of the fi ve f@eneiirglthdippeF6m 6@t AdrebiSaid ffisterdfor imiMahedusdfputidleadlobei ng

shown for GPREGlsa(.@JomﬁDJQonEQ@nﬁ;JsQEEJﬁ%uQ{.Qﬁfpr&ﬁs%r al purpose registers.
Specifically, three selectable input signals are shown, namely "MMO' forthe

mai n math out 3 bus 116, "Adder Qut" forthe adder bus 118 and "Incr Qut"
forthe incrementer bus 1B0Theinventigpacrqsdingsp Claimdhyhersin sarcemeangindydes amaisof our t h
sel ect abl e i nput muBiplegek éouifsraodratte said royiiplexerfirduitshas an inpgeee which isalsopos e

register itself. cJiiGredii@Madurpurb feh sailida méddy @RPdinsant.ne appropriate |ines
from30 the select bus 17. Thus, in the case of general purpose register

GP1l, the Wo signal conprises es "38" and "39" of the select bus 17.
As with nost of the CPU ‘éo'FPﬁdWﬂWf’%"‘“%%\'&qP81""‘t‘ﬁt$’“e’e'“‘ab’é’ﬁ%ﬁ"gf’“‘ﬁ‘tﬂ“b'ose

regi sters 100 r e®ekcaspsfutierr inclodepanp@pursitivtexer et selErhasegcuiputyalge fr@n ¢rejoSet " and
"LReset") cl ock siigRddperaeitsompbtafieicReB al so shows each of the input signals
recei ved bythe |ocal RAM circuit 124 and the out put circuit 122. The

|l ocal RAMcircuit 124 may he.o eratedtotgl g(s% ?%Itlonéﬂ tenera
purpose registers, if de¥ FEIVTROLHHEYMIP YATIPaeensit P?“gﬁ'§§° anigs

to "FE(hex)" n‘etiy"Efé'“p’?‘b'??‘t?é’ﬁ“ﬁﬂf'ﬁ"awal%SPE'&%P'PGPF'“QAFP'EW nately, an address of
"FF(hex)" will cause the CPU 12 to obtain the | ocal RAM address from
GP4. In any event, it ShQUJﬂ'Q lrbﬂtttgpicedjdlﬁd}ahalhﬁ7|v§here|n san@t@ﬁﬁénﬂkn@al frécedsimgd a

?lirsﬂ_)er from the lc‘? EilslchAe a mul'g;ﬁ' ier and él'bma’ry tgg(q) c%gvoeltter?and Qld cglcal pFocessn;g cxrg:qg wri t e

includes an AND circuit, an OR circuit and an ExOR circuit. -
20 :
19. In a central processing unit havi ng a Harvard arct\itecture memory system, a
plurality of general purpose registers, and a plurality of independent computational processors
which are capable of transmitting their resultant values to each of said general purpose
registers in the same ciock cycle, each of said general purpose registers having input
25 multiplexer means for selecting one of said resultant values, and at least one of said
independent computational processors having a plurality of simultaneously operable
mathematical and logical processing circuits and output muitiplexer means for selecting one of
the resuitant values from said mathematical and logical processing circuits for transmission to
said general purpose registers.
30
20. The invention according to Claim 19, wherein at least some of said
mathematical and logical processing circuits are provided with at least one input signal from a
predetermined source, so that no input addressing is required for said mathematical and

logical processing circuits to provide a resultant value with each clock cycle.
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it back to the local RAMcircuit in a single instruction (providing thatthe
same RAM address is ___used). _ Fi gure 5C shows the data
menmory control circuit 14 w thout “i-ncluding the erface circuit 128
atthis juncture. A por(ThidBhefyat B, ibnt.er face circui :

ﬁ"%ach of thd| TR SHEFN RS-
!regard, t he lg &8 (" _ 28 is
and this int i ‘

5 5H, as this portion i R
conprise the data bus 2 ’u&m} ”

connected to the extern =L eui
produces the 40-bit Data Mem In signal. which is received by the tata
menory control circuit 14 (U8). The interface cireuit 128, in turn,
receives the 40-bit Data-Wite Val ue signal out put fromthe data nenory
control circuit 14 (U6) forwiting to the data nenory system 20. 10 The

interface circuit 128 i I ) LI i - . i .5 184- 186,
With driver 186 havin n£ H\qg%en%orp l:erl 1 Elgllm 1?,8‘?\L|%n13“§as1q:rnl!¥f§£|§

an enable L ont. ort. The operation of the
bus dr i vers 184- TR RPELusSrEpet Ao AP ns TRE Pl 08 T8 AP | ne
30. Wen the readmPiisiopasaufcpsench@ing Sutingypmitedie at lepstapment eaiddepess|perpase 8 wi | |
transmt a data wasarsfromthe data nenory control circuit 14 to the
external menmory system 20 via bus driver-186. Conversely, when the

read/wite line 30 is H ZCZ:!_|A mgtrrlgd Af ggr%;r]:ug‘g ne10rglh£r(1: é‘lnle%pel'aaén within a single clock cycle

of a central processing unit, comprising the steps of:
providing a plurality of independent computational processors which are capable
of processing input signals from a plurality of different sources;
10 connecting a plurality of registers to receive the resultant vaiues from each of said
computational processors; and
selecting the input signals to each of said computational processors and directing
the storage of the resultant values from each of said computational processors in at least some
of said registers throug-h a single program instruction.
15
23. The method according to Claim 22, wherein a singfe program instruction
includes all of the binary information necessary to operate each of the components in said
central processing unit.

20
25
30

35
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15 wll transmt a data word fromthe external nenory system 20 to the
dat a genor,y contr ol circuit 14 via bus driver 184. As indicated above,
the que nenory control circuit 18 includes a simlar interface
circuitto that provided for the data nmenory control circuit 14.

Fi gure 5D shows each of the output signadls that are nmade avail able by the

CPU 12. In this regard, it should be noted that the DataWiteVal ue
signal of Figure 5Cis |labeled 20 D _ Qut Data in Figure SD. Additionally,
it should be noted that the | ogic anal yzer 126 provi des a 40-bit Logic

Ana Data signal for selectively transmtting various integnal signals
to the logic analyzer port of the CPU 12. Tﬁe | ogi ¢ anal yz 126 is a

16-input by 40-bit yjde mul ti pl exer. It\has a 4-bit a[dress that is
separate fromthe p r‘gldatab\o p—as—iPtystrafed 5 7lin Figure 1. This
4-bit address capability i s PrefErably @sygchrionoup g ro® gl 1 other
i nputstothe 25 CPU 12. 9IS %eferregt% t he dat§t§0q§be read by the
| ogi ¢ anal yzer 126 be | a\@lﬁg\ S i @@hnstructi on cycle
(such as a 112nsec. cycl®f e &&a aseilal ¢ to nake dual
use of certain conmponent & | pl eAcl ock cycl e.
Accordingly, the pr ogedy [w\¢e in a given clock
cycl e givesthe usef as S)pRy gvents. Wi le not
speci fically Showr tBeglloyi ¢l Oo¢k signal 30 pul ses
at 56ns and 112(%(55 j}n hNS S |Fi gure 5E showst he
51 nul tipl exer 102, t e%fszgn | conponents to
the main math unit| 40| ®hesr he pi’n math unit 40
~are shown in Figurps BF>|exo Rflation circuits 160.
Wth respect to guyse § cpnponent U20
includes both tHe multiplier pl cul ator 16p. Wth
respect to Figurle 5F, &t slo main math_mul ti pl exer 40
is shown to incliude an ey & circuit 169 which ¥ aps @ner™Iribit that may
be generated s'r-reum ei 5’19@ e Add ci rcgiés_§.58, rruIEia)lg er {L68 or the
divide circuit 146. The mgsgnse of*slsmh grgeg.ror %i%ghen transmtted
as the MMU ERR di gnal tO'EtEeq,eEror tragki@g & rcujt 88X Swhich i's shown on
19 ALAHIO
Ny Incrementer And S x
S . Sl Adder Units g s3S ¥ il
2 48
SN § . ©
S¢&se Miscellaneous "l
: N N
D S I
. R by
8 % IR
Q & X o =~
5 S o olSlsls W@
a S, I NEARIRS TS AN X
8 8 8 S &5 8% §F% 8
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v X Yy | v v N Q
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Figure 5G Figure 5G al so shows the adder. conputational processor 106, the
i ncremment gr conput ati onal processor 107 and the-conparator 108.

Turning now to Figure 6, a timing diagramof the clock signals enployed by
t he CPU 12 is shown. The topnost diagramillustrates the 72 MHz cl ock
signal 200, which provides 5 the fundanental clock frequency for the CPU
12 as nentioned above. The topnost diagram al s6 illustratesthe

Cl ear cl ocksi gnal 202 which occurs every 112ns. This 112ns tine period
represents one conplete clock cycle for the CPU 12. Each of the dotted line

time divisions shomnfat t he bottom of &igure 6 represent 28nsgdlhus,
time division "4" corresdgnds t& 28ns Yromthe HHGH to LONtr ition
of the C ear clock S|gnaﬂd202;;§§ 2 The normal clock signals
for the CPU 12 age shown o be:@orrprlsed §f "ESet ", "EReset ", Set ",
"LReset" and "Me@Di s'Q Thg nnjnatlon of pthe ESet and EReset sigfdls is
sonetines referr&d to era## ag the "EC' ﬁiock ignal set. Simla , the
conbi nati on of t nd LReset sidnals Ys sonetines refer to’
herein as the "L cToc all sdt. These two ‘ sets of clock nal s
are phased to as@ure tfh ta- tabIesé@ndltlon cannot exi st befjveen 15
within the CPU 1. A ta blle dondi & & is one|which coul d occprl|when
data changes at the| X=X tifme s~ CROGK xrogpal transition. e| EC and
LC clock signals aré uslefl|ih biigade Iat:hesnI throughout the CPU 12 to
capture and hol d ingut |data or [addriess ipfa tion The FC and LC
hag)
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clock signals will

bel ow Ther MenDi s cl ock

certain nenor
t hese nenory
cl ock si gnal

y circuits,
circuits.

si gnal

go LOWN which wll

be described nore fully in connection wth Figure 7

is used to stop nenory activity in

such as by renoving the 20
A menory cycle is begun by having the MenDi s

chi penabl e signals for

occur after enough tine has passed forthe

address, the address decode and the RFRWIlines to settle at the nenory
pi ns. Figuce 6 al so showst hedi vide cl ocksignals "D vESet"
and "Di vLSet", which are used ijn the divide [cifcpitto be described in
"~ connection with Figure 22. Figurle [ urt her shgws %5 t he provision of two
Local RAMclock signals, nanely ['"Wife" and "Rset|S t®e nanes o
t hese cl ock signals inply, the\\\llu']' e| si gnal epatt dat 0 be witften into
the Local RAMcircuit 12%,'Swhi | e| t he RsetQiu%ré efaly es data‘'to be
read fromthe Local RAM circBiE. A 5| §Ref 818 Mgto Figure 7, a
portion of the stack circuit2121 ifs shawn to Q[IQsfate  © '
construction of the brigade Gagdh cifESts used‘i’r&the CPU 3.
Specifically, Figure 7 showsSasgaif Bp.g of D-typ ip flop|xr |aflc
circuits 204 and 206. The fi¥EsE |l atch %rcuit 204 receives {8e ESgr|and
EReset clock signals, whilg ‘Qh@ selcopfl Tatch cifrcuif 206 ref®ives e LSet
and LReset cl ock signgls. = & 3he [Esk stkock gijgnal | enabl estRe fi | at ch
circuit 204 to redd i§s i npue gijgnal ne ERedt| cfl otk s|.8nal beded
"ECLEAR') is thengused to ga‘gt‘%re anp-BoRASt he i nput si gnallihich has been
read. In other Soug pbtGsidnal fomthe—Hdt ch kireuit 2(04<on line
208) will corrm% o_§5tt]e digith | ue qf| tlhel in si.d M
practical terfgps §he BSell an® ERest [fangiliorg aref used | § aptire the
[ QD. . e '&.
resul tant dat& @&ngt@’e LaltSigstHue-onwht Byt [chiangi ng | ady he|val ues
i nvol ved in tRe“curedht JriStDwgt)i on. | Bubfefut|l t he LSet cHock s§;nal is
used to read out§ug Sigrjal| op| | {Re 2@, ich also represengs the
i nput si gnal t,gb,__t he secqudgl8tsh dircpif 20Q g &9
- 20- T35, §£988%) s § o, 8 88
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The LReset clock signal (labeled "NOT LCLR') isthen used to
capturethedlgltal val ue on line 208, so that the output signal fromthe
latch circuit 206 (on line 210) will correspond to this di gi tal val ue.
In other words, the LSet and LReset clock signals are used to begin the’
next - instruction and capture the results of the current instruction. 5
One of the inportant features of the present invention is the ability to
make nore than one use of a particular circuit conponent in a single
clock cycle (that is, in 112ns for this enbodi nent). For exanple, it
I's possible » % e Tontents of—Teygrster GPTwrtirTegrster——16P3 in

1-

t he adder 10 hep—st-or-e—t-he—festt—i-h—the—+eghster—R—all—w-thin a

sin e rogr ‘l%'[rlJC'[IonLI'r CCO [ naS|n e dl oc
gl e progr afdeer #; ' \mlmﬁré’% npl n[eﬁyd- gl e dl ock

cycle. In this partic¢ular exanple dfial use of eglster GP1 is |enpl oyed:
by reading fromit apd then storlng a vﬁoy@yp it within thf same |cl ock
cycle. This feature | Sgaehieved—by—enrablHhg—the—eonrput-ationil sgapgonents as
wel | as several Fetatey é@ﬂﬁ’pdmﬁvfs M@quﬂﬂdeﬁwuie%dﬁé@i <$terT—T nput s -
until the end of the curr egdy ACGACKACHRCREA us, 1 nfhe exanple provided
above, the add¥rGFH6 will @ratéasue|td fedd its | nput sil§RAIES t hr oughout

the current clogekrgycl e. Once the [ Resgt |signal | goes—-heugh—ts—H-CH to
LOW 15 tran3|;d,@pamq/§,%¢2ygpm fTom n% Eenerar’ pur poge I

qui ckly becon e St gf ghe—eonputati onal
conponent s ang ngﬁ’ f AOEe8% ng connbe: ipns to det er nijne] hpw manyt askscan
be perfornmed fronfxfmabeWGr@dfogurpbse egi sters before tlheg end of the
current cl ock {cycblge Memory Data As anot her exanpl e, th_e contents of
regi sters GPl (andpfP g H0H] G pesmul L1 plTed by 20 nurtiplrer gircuif 168
(for single prem-srﬁM%eﬁ—em*pm%d—by—eﬁﬁm‘ﬁﬁr—tﬁﬂ—wﬁh, anot hler
Program Speciol Que Memory Address
| Immediate ' 15
. t/'?;ma/ Datg Date ___ /
GP5
. Address 20
ngnor o /24 Bits __ Address /!
ot V|| Select —>| Adaress MUX Moot 124 Bits 5 11
e 134+ Data Wemory|, ~14 Memory | l S S —>-
Lontrol S\ interface |~ g; Eé External
Select —| Dato MUX ['patg L Direct — ~ Uata
GPI-6F5 444 ’/ 40 Bits (728 Data Dato
Externol Doto Dato 132 Eror oror Tracki
R rror Tracking
Pragrafev Immediate .4______00”” t | ERROR  I"frobles
- TRACKING
) 1821 Errors
1o Frogram  poterrypt | Interrupt Enobles
Memory < INTERRUPT
Control _ (- Interrupt Vector
Main Math L __713 180
Adder #2 —— l_ Add 1 |
YY —
Seleci —>| Address MUX > ove Aa’a’ns's.s[:Q ;
Que Memory | Address ue €8
24 Bits | Memory Zj S }“‘”‘>
p Coniref Interface [S B~ X, Qe
Sefect —| Data MUX [ Data ~ (' Direct 7 L= Memory
o5 | t 40 Bits 274 Data oy Data
18

a0 =B.
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val ue. Again, all of these tasks may be acconplished in a single clock

cycl exthrough a single programinstruction. Since the nultiplier
circuit 168 will begin its multiplying function as soon as it is
enabl ed by the appropriate opcode, its input signals will fluctuate until

t he out put signal:s fromregisters GP1 and GP2 becone stable. Simlarly,
the input signals to the 25 conparator circuit 108 may al so fluctuate until
the output signal fromthe nultiplier circuit 168 stabilizes (via main
math unit nultiplexer,114). Accordingly. it should be appreciatgd that the
i nput si gnal s Addepl#8 | hrough the CPU lé ntil all of the conbutg%kga§ are
conpl eted for the current cl odf ?é 107 g now t o
Figure 8, a detailed pl ock diagran‘of t he |ncrenenter}0|rcui. EEL Ois
shown. Specifically, |ncfementer rcuit |s C rrs of | a pair of

mul ti pl exers 212-214 pnd A%ﬁﬁﬁ& 40- b|t ’gmg The mu ti pl exer 212
I's used to determ ne pal gighals will be

i ncremented, while Mﬂcf‘]? a%r Bg){zeA MBDW AM%P/A’QDP'# AjUXd v\\/r:g'erebf nmet hod of
increnenting will be enpygygq5 )ﬂ‘by mul tiplexer 212 is
control | ed by enerically represented
by line 218. MaiTe The 1iSe of thrpp who |Ian 35 could enable upf€o nine

di fferent inputsigmatrstobe—ggtected, {the multiple j '
to sel ect between—eightdiffdrentinplt signals. Wi

mul ti pl exer cell jcould be usedr Tor er rner mul T pl exer 2@@”@?72i-

t hroughput nay bd ddlvéme¢ed by [bui | di pe—t

g e /?efm ) Hocal i | Pree 2
GPI1-GP5 Divide

Progrom Immediate
External Data RAM
Stack Address
Divide Out

Output Reg

- Source 2

sa@c?‘ Multiplexer .

YYVY VY

Y

Y

)
7
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mul tiplexers froma set of 2:1 nultiplexer cells, even though there is a

tradeioff wmth the nunber of gates that wll be consunmed in this
process. As indicated in Figure 8, the input signals to
nul ti pl exer 212 are the five general pur pose registers 100, the data

bus 15, “the output fromthe local RAMcircuit 124, and the 5 output from
the-que nenory control circuit 18. In light of the fact that all of these
possi bl e i nput signals are 40-bits w de, except for the que address
signal, line 220 indicates by the "(40)" | abel that nultiplexer 212 is
an 8x40 multiplexer. |p €& ast. the input signals fgr—the mul ti pl exer
214 are shown on the r| gbdussedg of Figure 8to represenfvarfi ous increnmenting
alternatives. For exanple, T npui—_signal I indrcatesyhat|t he i nputsignal
selected by 10 nulti | &indry be increnmented by orfe, while

i nput signal "4" indi ¢ak estyggttire/a B0 signal sehectgd by nul tiplexer
212 will be increnmenied by t [ntight of }4%7(9 factt hatthe i ncrenment er
107 includes a full 40-bit ad8ew iR Facodsr -bit ipput |signals could he
sel ected by mul t exer “2Ybog BushZhs [The out put r{om|regi ster GP3. The
40-bit adder 216 may| ke buil t—a from st,andard sihgle bit full adder
cells. 15 FIgure Qpl HOSITAYEs a det ai bl ock di agram of

the adder cirggit 10p. garfl, it shoul d/b§j ipz%eci at ed t hat
~the design of t\We addev—r:h-\:umLs/ I'te_si rrilar\tg h desi gn of
the increnenter C& cHift—1I07—1 sone of the in i ghal s to the
= i
1-3¢)

mul ti pl exers 222} 324—ar-e—girtrerent—~/P8r exanpl e, @ of

regi ster GPl could ; Hg-“{a e contents of-) ster @®/ or even
with itself if desirpq—Lt shgy 18&4at both fthejadder 20 circuit
106 and the increne Lr cuist Add) Bugt. gvi i &f ementing and

decrenenti ng of a dres; i 'L_Qmibby, tMese two circuits
al so provide alterngl mpression & wfobore pdeeredent| counters, as wel |

as alternative ways |t0 nove (ara. AT O THe baput wgrds in these two
circuits are prefergbly trea(a%{mmg}yg)il'c—p_gﬁuu_i;t eger s
164 -
Parity —>
166

¥

4

Bit Cale. |

Source 2E

YY Yv¥

Multiplier
GPI——] R
GPS I (

l 168

vV

. Source 1 Select ———>

- . L

—_——— . _ s
B p o ~
loper 39 Bits Plus Sign -

, :S'OUfCE -7 ; :
I —> 39x39 f;we; .;’9 Gits P/u; Sign
SourceZ | Mult ign &i

' 179+t Error Flag

| Bits 15 To 53 4
I Plus Sign Bit NP _
GP3—-GP5 —2| (Magnitude|—> Error -

Correctio
| 6Pt — 1 > only) Al

{




Referring to Figure 10, a detailed bl ock diagram of the conparator circuit
108 is 25 ;shown. This figure closely follows the diagramof the conparator
circuit 108 previously shown in Figure 3A. The conpare menonic |ine
226 generally represents the three opcode |ines whi ch determ ne the
-function to be executed by the conparator circuit 108 In one

enbodi nent herein, the conpare circuit includes a 8:1 output nultiplexer,

like multiplexer 212 of the increnenter circuit 107, and the three
opcode lines determne which logic resultant 30 value will be transmtted.
In other words, the conpare circuit 144 includes one set of logic gates

for determ ning whether the two input signals are equal (bit by bit), and
anot her set of G/t \35yi Bitgdges for detepm ng ngimhet her ghregt wo i nput signal s

are not equal and O foprti—Thus, Tt st i ated that each of
t he conparator funcigons are p¥gapted with egach el cycle, and that
only one of these lesultants are selected bwvl the output nultiplexer. In

this way, 35 the conpare circuit 144 operates anal ogously to the nmain math
uni t 40. Referring to F&gﬂiggggzggggggg detaj Aed bl ock
di agram of a portion of CPU 12 is showr: ," Figure® 11 shows
that each of the general purpose registers 100 are conpri sed of an
input rultiplexer 228 and a brigade latch circuit 230. In this regard, the
-22-

Git 39 g4 33 32 25 24 0

¥ 7 x1 | x2
Exponent | One | - Mantissa

it 39 38 J4 33 0
Sign | Integer Portion | Fractional Portion

L. <2 C.

Bit 39 34 33 ‘ 2524 0

y x7 | x2
Characteristic Mantissa
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brigade latch circuit 230 is simlar to that shown in Figure 7 above.

Addi tikonal ky, Figure 11 shows that each of the registers 100 include a
40-bit w de feedback connection to enahle the mul ti pl exer 228to

sel ectthe output of the register as its next input. The val ue | oaded from

t he i nput nul tiplexer 228 may be used in the follow ng instruction, as
it is latched or captured at 5 the end of the current instruction cycle.
Accordingly, it should be appreciated thatthe val ue currently stored in
a general purpose reglster 100 '%.fr the | ast | oad instruction execut ed.

Figure 11 furt H¥ 5506 el t rﬁd of an

i nput nul t igpl exer SSAFA_M@A&’!‘LUM& -and an
address mul tiplgx 4@ Thé Data iy ngUWeE=Aa¢l i pl 234 0 sel ectthe

data to be st ﬁé% t h8 Atedel DRés iUl YAFe) £ofer 240 10 IS used [0 sel ect

the address f r'rg thhrsdata into nenory circuit 236-on [foy| readi ng

dat a fromtheg rwmpg”\rmn/t/ Fdgrrund| gure 11 als =ea—0f t he
data nmenory control CCI\I’CUI'[ £C4,_ which will be d N
connection with Fi %UQ 13. [C It shodflig hat
Figure 11 shows an<knput Ti1ne a al
Regi sters". TE&e AYALITER ADRR Logic Ahdh2e” Hho L=l qt for
15 channel S /}V]Z'ﬂ?yppumrom\ in TdB3ler s helow 1n thilf(r >

identifies each e _Sixteen AResetpossibl e input sid or jtthe 51 and -
52 mul tipl ex?gth@ t@ | Rybgromnitbryiaryt Doty TYRE=Fx2] 126. THg Routi ne
Add i nputto WPt plexer 102 represents biTs 3% 38"l |of register
GP5 whi c bt Voldd Sele®f W 207 on the 51 1 exgrl (with all
ot her bits be Tgc&% to%g,rggd, Select 1HI'S particular i sigrjal is
useful for su ere 1] 13 gestrapte to ditectty te|20

conpr essed adfg/g2e%/ 4 he |31

mul ti pl exer ]@)&[ay |7¢]\F aShar Aglfvet | icular hitto he sele Mipl a¢ed into the

bit-15 posit ip/\n__m%gy t hErogoldern addekl Jefeon.
EX=[67-65] Pro Mem Con Jump
EX=[64:63] Stack Addr Select
EX=[62:61] Stack Write Volue
EX=[60:53] Local /\’am_ Addr select
EX=[52- 51] Local Ram Addr select
EX=[49: 48] Oue Addr Select
EX=[47-46] +—CE3
EX={45:44] +—C%
EX=[43 42] +—C22
Ex={41:40] 52
EX=[39-38] +—CFL ,
EX=[37:37] Set Ouilput Latches
EX=[36-34] Comparator Mnemonics
EX=[33-31] Comparator Va/geZ Sefect
EX={30: 28] Comparator Valuel Select

EX=[27:25] Adder Amount

EX=[24:22] Adder Value
EX=[21:19] Incrementer Amount

EX=[15:16] incrementer Data

EX=[1512] _Source?

£X=[ 17 gj i 501.//' cel' - |
EX=(7:8] Shift/BitCalc Select 1

[X[.’)': 0 ] MMO Decode e —

MM ur
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B Bi t Sel ect Qut put Reg Qut put Reg C
Rout i neAdd; StkVal / Addr . St kval / Addr : : : ( = all
1's) (=all 1's) (=0), Spare 20 E ( 0)

(= 0) (=0), Spare F (= +1) (= +1)
(=0), Spare Ref.erring to Figure 12, a detailed bl ock:

di agram of the program nenory contr ol circuit 16 is shown. In this
regard, the program nenory control circuit 16 receives a 120-bit 25

i nstruction Wﬁl_p_ogmmﬂmt em 22. The program
menory contr ] eSS Ot DeT A am
menory syst em—22—as-ustratedby F p]r gsknt at | 24< bipy 7A wyz 244. The
program nmenory_contridl circuit 16 includdgs fa_phir of liat cy OU I‘CUI ts
246- 248, whi ' Frere—ir 'aI’tch\ , Inthis
particul ar a signal conneggion [is Dr pvi gded [het V\;e@ ?e t wo

|atch circuits dedédde | ogi c cirlcui The |decode 1‘0 C circuit
250 is used to HtCoMP-e0abl e ¢ /P %Nsum ng circuits on
the CPU 12, supRUbs—tdHasounvirsiper W@?ﬁr‘( P tfhé Binary to 8CD

e

converter 148]ilnlotindyuns gm/ords rogy ¢l¢ijrcuit 250 sinply
[CARRY in tAe T il Nstmethon wer g~and
ndw,a c.mcw_mfcr. BN e e e e e

no

fomw

—

"D

checks the val s
captures thes¢lval

appropriate 1ltll
r

% odef ort he AvECMIALESE h—uni t | 40 {i ndi cates that the

cute CD cohye¢nsion function, then
an "Enabl e Bi nBgQ' ’HD %}‘égtranﬁ/}%ﬁgﬁ o {he | atch circuit
252 to the Bipar Gonvert er 148 ilght of {the fact that the latch
circuit 252 is QUE_READ_REG ERROR_. | - 24-

I nstruction jfist

bl a2 M Lol 751N )

O —j—-

ramd M40} I W fom)

—]

LOCAL_RAM_OUT ~ MATTERS
- INTERRUPT_VECTOR |
PC_STKVAL  PROGR_MEM_ADDR > P_ADDRESS
% - ENABLE._ SHIFT —> Q_OUT_DATA
ENABLE_CALC -
- PROG_MEW_DATA “0 0 =0 —> [ 0GIC_ANA
£ - — DATA
_I PROG_MEM_MISC
LC —MEM_
] - 126
)
| [
l GPREGT
GPREGZ LOGIC
GPREGS ana_ouT
GPREGS
GPREGS
S2_STKVAL
LOCAL_RAM_OUT
. OUT_PUT
DATA_READ_REG
o
+ orvoE_our
> WATCHDOG '- Wer_ouT - U4
> SCOPF_SIROBET ADDR_00T
—— score_srosez | || (I 5= e
> SIB_RESET . N cALc HL_ouT
| CALC_LO_OUT
IO_INTERRUPT
_ 10_VECTOR
_ /| _J_ ERR_COUNT
=
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responsive to the LC clock signals, it should be appreciated that the latch
circuits 246 and 252 al so conbine to forma brigade-type latch as well.
O the 120-bits received fromthe external program nenory system 22,
80-bits are i ndividually routed fromlatch circuit 248 directly to the
conponents of CPU 12 to direct their 5 operations. Duetothe very w de
format used for the instruction words of the CPU 12, it should be
appreciated thatthere is no need for mcro-code decodi ng. The provision of

decode | ogic cimey 250 i s used onlylmpawcrtion with a rglatively
few of the 80-bit H%ﬂc:a I'H&? o tTeT i g .
consunption of a c g1 of @Dc’{}i% corr;org’m& 1 1he€’914‘7 E ot her
40-bits in the 1201[bj ] n rifgg| il heg ra i ate
word, which 10 may »‘l 5T @‘?/?fé?t%‘rma %a{na; OF || ctetr{ GEBE I%M@Ejes red.
The program nenor $ T EeHREGEt 16 al do i nig)|lifres1&PREGT i pl exer | 254 whi ch
i s used t el s @%?Eé‘#gﬁéll%ffsfrue t‘hr OHarGEREet e¥2 P58 | n this
regard, Figur Ghows| |1+ &EB5of the gqi ght||pessiklperRagnal soufgep, with
t he Program | PRI RE GUT hese sHegbeh,_Famr pgs- | The
resul tant out ;Jnt Sl npsse b iysini t 140 il$ abotBep pRgs) ble sEJane of
1gdt he p[ og[)a eryval uesprHape-spr ovi ¢i gn (@nabl €3 PRPYRES 9T am Epunt er
address 10 be - QUE_ADDR_REG DIVIDE_oUT
QUE_READ_REG — ERR_QUE_REG
| PATA_READ_REG DATA_READ_REG
STWHO ouT_PUT
' ] ERRPRGERRCNT
= - . : S2WHO
‘ ' ver
urg uis
157 SFTMRG_ | ' —157
S2  ENABLE — 52
WHO START_
PROGIMMED [ oviE
GPREGT OIV_ESET
GPREGZ v20 OV _LSET
LOCAL_ -
rarovr | |1 -
— COMP_OUf GPREG3 DIVIDE _J
FLAGT -
GPREGY ERR
i ENABLE_SHIFT GPREGS DIVIDE.
. SELECT — MU_CooE \ DONE
SFTMRG_ | o2 \
; BrcLC_ouT — ENABLE_ 146
{ CALC
H2-0UT
162 H_OUT
Lao_our
166 & 168 CALC._ERR _,
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cal cul at ed based upon an event.
cifrcuit 18 is
pur pose of the que nmenory approach isto store

contr ol

addresses (as well

the que |ist
mul ti pl exer
val ue.
pr ogram count g
att hi sjuncturg
addressed in

The source for
three 25 of tH
provided to re
Wil e the ressg
mul ti pl exer 26
criteria in th
controll ed by
whi ch are iden

as subroutine argunents).
I s advanced to the next program nmenary address,

a li
Thus,

for exanpl e,

The out put value fromthe que nenory
al so provided in reflection of- the fact thatthe

st of program nenory
when
t he

program 30 ins
conparat or 108
conpar e out put
signal. Table
pr ef er abl yhand
current val ue

execut ed. Accof

t he address of
bei ng saved. |
pipeline is

single-line su
- 25-

JI

254 will be 20 instructed to sel ectthe "QueReadReg" source
An interrupt vector signal provides anot her possi bl esour ceoft he
gddr ess val ue. Fhe—use—e{ an interruptvector si gnal
bHdbl esat | east {woldiTTerknt interrupt routindiiel be
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5l e b xdnpl %ﬁ& m j un: |I|||
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circuit 264 is provided to increnent the program counter value by one to
creat,e the 15 ProgranCount Plusl " signal. The ProgranCount Pl usl signal may
be used, for exanple, as an addressval ue to -be stored bythe stack
circuit 121. A nultiplexer 266 al so receivesthe ProgCount Pl usl signal,
aswel |l asa Zero signal in which all 24-bits:are setto zero. The

mul tiplexer 266 is controlled by an external reset signal. Wen the Reset
signal is LON the output "PCP1 O Zero" will have the value of the
ProgCount Pl usl signal. However,, if the Reset 20 signal goes H GH, then the
"PCP1 O Zero" signal wll i42'ro This zero address‘%?lue wi |l then

be sel ected by nultlpqu and ultimately tra ed to the program

menory system 22 jgpﬂerg an inializatign routine for the CPU
12. ring now t¢ Figure 13, a detailed block diagram
of the data nenory control circult i s showm[—AS TTndrgat ed above, the

280t@nory system 20 may
1 tHemgax a menory

| e&entra30 $+-e-'del ect from
} enbodi nent .
that do need. sone

address for requestijpg, a fromthele ernal dat g
be derived froma %%%%%? f—s AC '
control circuit 14 udelt he
one of eight possi bl addr e
The mul ti pl exer 130 cludes t
expl anati on, nanely the signal St+ab i! eAna" and "QueDi g". These

two signals are derived fron1se|ecteo pits of the general purpose register
GP5 as shown. In this 30 regaf t he JQueAna S|gnal represents the address
of an anal og signal processing routine, Hethe Cugﬁbqggfgna
represents the address of a digital S|anaLJ§éa Essing These
routines will be identified in connection with the description of Figures
14A- 14C bel ow. It should al so be noted that the brigade-

| atch 134 includes a reC|rcuIat|ng connection via 40-bitfeedback Iine
268 and the nmultiplexer 270. The nulti pl exer 270 causes 35 the brigade

| atch 134to recirculate the |ast data word if eitherthe "SharActive" orthe

"PrivActive" 5|gnalsam2lﬂé?1 The Shar Active spgfial is an externally
gener ated S|g2@5%mh|ch ngﬁiggicates ?EaMHanzé%er conput$er entity is

accessing the LAy e b 2
- 26- J Inputs /' %2% &* er % N,
] ! |
‘ {M@wDﬁl : { | MemDis
Normal set N /\\;\\\\‘\\éf?t | £l \Q//(< /féi\séﬂff?f
NN N NN RN N2 NN
EReset LReset | | Eﬁﬁket | LReset
|

l
| I
DNESbflhdjbt DivESet Divl Set anSbtlhﬂjbt

Divide 7 RN 7 NN 77NN
CE 7\ \ 7 \\
-I I I I

|

Wm‘e /?Sez‘ I Wr/z‘e /\’Sez‘
N\ |

|

1

LocalRorn
Clocks

I
!
[
l
|
!
0 4 &
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may still wite to th

si gnal

to the.data nmenory sy
"Dat aReadReg" out put
updated with the valu

I nfornms the CPU 12
accessing the data nmenory system 20. and that the _
It should al so be noted that the

e data nmenory system
t hat an external

stem
fromthe data-menory contr ol
e 5

Wite to the data nenory system 20 by the CPU 12.

I n contrast,
conputer-entity is privately
CPU 12 cannot wite

the PrivActive

circuit 14 will- be

on the data bus 15 duri ng either a Read or a.

14A, a detai |l ed bl ock di agram of the que nmenory control

Referring to Figurg
circuit 18 is shownh.| Fire—qug nenory control £ir i ncludes a
bi - di rectional interfad® cirjcuit 274vhi N Wi ernmit both wjting and
readi ng operations| W h?t@ ext ernal que mnenor ~sygqtem 24. hi s
regard, data to bel w tietjo the gue nenory 24 1is derived only from
10 the general purpdseXegister GP5. Hogever, Tt fhoul d be appreciated that
. que nmenory data cpf dxpd derived frg&m ot her | tablle sources t he
appropri ate applicatfi p Kigh as the IoEaI S Srguit 124. gue’
menory control cirfcdi t 184 ncl udes two Bri daeg | Res |276- 278.
bri gade | atch—276 3 —Uused—to capture an hol d urrent que dafglval ue,
whi ch generalTy FEPT EeSENTS a Progrant menyy, esg or a dat fenory
address. The brigddg¢ |atch 278 is used 1% to ®4ptiurd apd hol d t hg—ext que
menory address. In llight of the primary yse of<jefdime
g“; N
3 &
SEX=4 8 |
‘»—Cug)@j =
~ QO] Iml=< O NV EN=2
3 9 VIR S S YRR -
S A < N < 0 N
d _ <] vy v D
S , FNEE
= o™ 5 N _ .N . 8‘8 %53
') Q N N =QFISS
) 33138
< QQ4) (&9
SO |39
o ) oIS ¢ IS,
S V& N ST J
A AN A A A A
™M
Y Q Q
) X Ny
n R 03 2R3
S br S
o] <P sfaf el
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N Q Ng & <N
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| = N
LEQ,UJ\ §/LL%, \ éj\ >
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menory systemto store an ordered list of addresses, the que nenory system

normal:ly needs to be increnmented to sinply obtain the next address
val ue for transm ssion on the que nenory data bus | abel ed "QueReadReg".
Accordingly, the que nenory control circuit 18 includes an adder

circuit 280 which increnents the current que nmenory address by one.
However, for 20 those times in which a cal cul ated address val ue i s needed,
a multiplexer 282 is used to enable ot her address signal sources to be
sel ected. Indeed, one of these address signal sources may be a repeat

of the current que ress itself. 540 Two of the
e e e e ey 0% o8 PP 1 e oRomed 2re
word 25 format for ceftl@wesdi gi t &0si processi nggy cutd=®ls, while Figure
1 4Cill ustratesrége_q e r}engr wor df format forcey ai gg.q@,l og signal
processi ng routi nes. = I#ﬁé’éé’d‘?bi Pa¥ /arjd @npl og Si g! | é%%ﬁgjng routines

are identified inJdrabllgtaRand ow: R 212 35 c
-27- 6 = LocalRam (40) § — 3 - (= -17)
7 = QueAddr = 4) - (= +2)
. 5) - (= +4)
274 Y 6) — LocalRam
¢ 40 Bit| 216 7) — Progimmed

Multiplex 2 - Adder

Who (3) 1 1(40) (40) J /ncrq(nOUI

N J
Yo
Mgl 1. =3
ADDER
Who (3) J 8 Volues,
, 01 = GenPurpl,2
~ J = QueRead
299 —t 3 4,5 = GenPurp4,5
Sl 8 “75‘)— 5 = DataRead
gf 6 = StackVel/Addr
7) - Progimmed
106 =
224
\ N ,/
Adder § 8 Register,
S| 04 = GenPupl To 5
@wl 1 5 = (=1)
= LocalRam

T Ear/—/—— . Y.
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TABLE 7

Subr out i neAddr -
O-"Indirect”
1- 1Init-

2 - +

3- + ]

Di gi tal SubroutineAddr- Anal og
O-"Indirect" 8-OR
8-/ 5 1 - Init 9- XOR
9-/[ 2-1nit# A- XOR#
- A- Spar e 3- AND B- XOR
B- Spar e
J Whot oz 08
| S 3.
'y / ro 5 L : 226 nemonic (?‘( a4 - GeﬂPUf'p
5 = Datg Read S N 9 1705
6 = LocalRom § §“ 5= (=0)
7 = MainMathOut S [ Compare [*— 3 6 = LocalRam
/- i 7 = Proglmmed
144 '
, ComparOut \.’42
Tar——. 1.1 |

Shared And Private DataMem Diagram

ﬁ/zt;a/}g)dr__y . *QueAna = GPS5, Bits 15 To 34
0 = QueAna* ! * QueDig = GP5, Bits 15 To 28
.- 05:020* = (Other Bits Forced = 0)

O
2 = GenPurp3 —> § | DatoAddr
3 = GenPurp4 —> & =
4 = GenPurp5 | § (24) L
g : gzg;‘;zd — -\ | DataMemory
7 = Progimmed 130 System
_ : Interface e
/'258 20
(Data) | (40)
J54 , , DataRAM
DataReadReg | | Brigade - e [ x|« ! _| Bi~directional R/W (1)
Latches R Interface P< OF
Data To 7 [ (40) 7 (\0E)
Several ’
A 128 Data-To
Input—Mux's T FC&LC 270 1 Data Ram
(40) Systern
I 0 = GenPurp!  —x G132
or 1 = GenPurp?2 = %
2 = GenPurp3 w3
: 3 = GenPurp4 o S
SharActive (1) 4 = GenPups | 3 DataVolue
PrivActive (1) ‘g _ ?géjﬁead L < Who (3)
7 = Progimmed

ar——. 1

Sl
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4- ANDH
5- AND, [
6- OR

7- ORY#

15 More specifically,
formats shown in Figures
gue word which includes both a subroutine

argunent (s). This

is in contrast to a que list proce’dure%n wlc@ﬁt
subroutine addr gsgghgutored at one que nmenory |ocation 3 (fhe

C - Store[] 4- - C - Spare 10
D- Store#[ ] 5-- | : D- Init
E- StoreAns 6-X E - Store[]
F - Spare 7- X[ F - StoreAns

is inportant to note that both of the que word
148- 14C enable the CPU 12 to process a single
address and the data

it

arguments are siepfdeis eqleht | aHEy I,pdexed | ocations
menory system 24.As a conseqienc f ! sL /ggj,yg;-moe, <
digital and anal og signal _pro es?'%g% roytines og PR Y[ one
menory | ocation, andtakelsfio I gt r ust 0 execute.
Ref erri ngt oFi gur ¢ det qi | ed Bj, of t he|out Cui t
122 are shown. Ugi ' i It ker 284
for selecting the 50U g ejanpl he
mai n mat h out put hy Dd bi { bugh 10
of a 40-bit outp ster. ‘As shown by the Brigade |atch ci B6,
these bitswill be¢ ¢agtured—py The ourpur circuit 122. B2 gasle | atichs Fircuit
186 is al so showh iln Fi gur esl58y %@0@7 Pdgiststs at es/thb arti t he
output circuit 122 Iﬁ”at provides an arithnetic /: rry"isfgnal ff{Somthe
main math uni t401 TRy conbination of circuits in ﬁ/gz_fé_s_hlg-_lﬁ& S jenable
the carry to bespefsicl eared, of nd t g ovept PW CR gred [a= hel | .
When the main Tl h out put bd not ?ecte b dqtasslour e,
then the outputSeSigdit 122 wi) | 1~ the output signals shown for -
each of the outghk|&oi s5@’ﬁ‘cbig§) o, Tabl e @lBeJ-ew 34 -
S|3|§|  CenPurpt ——~ BitSelect
KIS
wite | RoutAddrCalc 104
i 102t |
724 RSet .
Who -
2)
R/W Adadr
$ j““ /LV ; Trk
- D1 |Loca.
T 7 |MX —pau ! Latch —
oo }
234 236" 2%
To_Other Users
Mem. al -
Data
R/W Data L L
7o Be
\l, Written  Sourcel SourceZ
EC&LC Brigda’e . Buss Buss
— Lotches <—r1  Mem. Transiever

00— . 1.1

External Memory, Bidirectional,
Tri-State, Data Buss .

|
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TABLES

0

si bling enabl e

How (3)
ho (3) : Conditional Jump Criteria
256~ | Reset 258 |,
P 4<{_ <— 0 Always 4 If Flag3
iR P WUX t<&— 71./f ComparOut 5 If Interrupt
IRAREEEA Do A Jump! <— 2 If Flog! 6 If Erroriast
N \‘/\/And S<— 3 If Flagz 7 If Carry
_ 260 Special Decode Lines —
-0z ZC.P ’ 01; Ozet’ 0 Enable Multjplier
e 00”’,? g dﬁ,“ Enable Shift/Merge
5 = Voot caareg Enable BinBCD
p _ S?C ZT/ / : StartDivide
7o 5=p atc P Z g  Opcode Control  ErrorMatiers
/g/ferrupt‘ . wacg/&aM Line (80) CarryMatters
ear =
Circuit 7 = Progimmed 17 M ouc 252 A /0
) Wt e ) [
(3) ' (40) -
- MUX Latches Lotches
Prog Count —/} } Y
Source Sel / (24) y (2 48 R (6)
254 Proglmmed 290
| Decode
| Logic
262
{ Reset 246 (120)
EC&LC Brigade . £
> Lateches PCP] Or Zero Jatches |<—
. ) - Trk
ProgCount ' 1
gLoun (559'7J“4ﬂbr ) (120) | (ProgMem Data)
264 or . .- | ProgMem
(24) 2 (24) System J 22
> Adder Interface
A
. (51)1\ ~ (ProgMem Addr)
76/ ProgCountPlust 244 ~—
(24)
20/35

Wat chdog

Qut put Regi ster

Bi t

Progiemory And ProgCounter Diagrams

Si gnal

1

Ear—.

—..

Reset



5
3

2

Clear error | atches

Enabl e error track

4

PreSet4Error‘Cnt 5 Scope strobe 1
6 . Scope strobe 2 10 7
Flag 1 8 Fl ag 2
9 Flag 3 10 Flag 4
11 Error last 15 12 )
| nterrupt 13 Carry
14 Lost 15 Oueh Bw deDone
16 i deErr 20 280 | (=1)  To Setaral e eadlre
Conpar e CQut \\e ) 8 /npuz‘—MUXstertupt | nput
19 | nter r YRt Add o—b-27
Error Count IncremOut 28054 EC&LC@ ﬁr/yedsl on Nunber
25 g OF__—#‘ Power Enabl eTé >t@mhns
36 to 39 ares (% Zy Most jof these si gnal s —aregrgad-only-
signals, in thatthiqﬂp gy By~8F24hrough i %5) t put Zzygwt
122. In other \Aord@/EAd‘wse ignals Have allready ge tched |n ot her
circuits. 30 Asi nd(&’;‘y’at ed above, [the out putt circuit 1p2gatters get her
various signals in the CPU 12 _aMd Pagns a 40-bit \ﬁé'r@"'%féaﬂéﬁwfﬁ/\hi | e
not shown, these si gFelgg Ry Blege b buffered tp - | Mterface
> Lofches | - R/W or) M
, (1) (/OE) ’ (Data)
QueAddrReg
. ' ¥ QueMemn
0 Input—MUX's == > Systemn
(24) (Addr) Interface
FEEE—. 1 <A b
23 2019 1413 0 (Que Memory
: Bit Positi
SubAdadr | BitPos | ArgumentDataAddr Hions)
38 35 3¢ 29 28 15 (Dato Word
Bit Positions) -~ -
L. 1 <B.
23 2019 0 (Bit Positions In Que Memory)
SubAddr | ArgumentDataAddr
38 35 34 15 (Data Word Bit Positions)
ar—. .1 <C.
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I ncreasetheir signal strength. Selected bitsfronthisword may be read by
other circuits, such as the value of the output value fromthe
conparator 108 (via bit -location 17). Simlarly, the

Power Enabl eTest Poi nt signal may be checked through the |ogic analyzer 126
for quality control 35 purposes to test the power disable functions of
certain circuits, such as the nmultiplier 168. The D vi deDone si gnal may
al so be checked, as opposed.to counting the nunber of instructions it
shoul d take for a divide operation.

-29- MainMathOut Referri ng to Fi gurev;ﬁ?a

detail ed bl ock di agram of tihe %@rrup Bl cuit 180285 showd. In the
formof the invention disdy f erei nl/?é‘setl nterrup} circuit 180 is

constructed as —
-——$> MUX _ Ehgadb EC&LC
SetOQutputs =7x ] MUX Latches <
1) (=0
@ (=% To SourceZ, And
Other Specific Uses
OulputReg
Fare— . LA,
. 122
Err —> And > |
(From MMU) _ or ’! A
: . : : Carry —
MMO (Bit13) l . (To SourceZ,
| And MainMath)
SetOutputs | | © EC&LC
e 1 v v 0 S mrigace
> ' Latch 266
« or : 7 M(_/X re
“CarrMatters”
A . 1 0B.
T | o 180
MMO {Bit12 A
1 )- '>:A o l 'j Interrupt —
> 7 (To Source2
Set Interrupt ST RNA X Count Control)
I > Or > MUX = Brigade
: __%>‘La&w J——286
EC&LC
_ - cpr~-/‘290
ProgCnt : _
SWW&Mf1#ﬂ FA——. 1 .



part of the output circuit 122. Thus, for exanple, Figure 16 includes the
sanme Brigade |atch circuit 286 as shown in Figures 15A-15B. Wile the
interrupt signal input to OR gate 288 will be 5 externally set, it may -be
cleared either by junmping (via the interrupt vector address) or by direct
set/clear of the output register itself. The interrupt circuit 180:i ncl udes
a conparator circuit 290 . which receives the program counter source

sel ect signal derived in Figure 12. The conpar at or 290 eval uates this
signal relative to a value of "3", as this represents the vector input to
mul t.i pl exer 254 in Figure 12. 10 Referring to Figure 17, a

detail ed bl ock diag STT O 1T olu&glg TITCYit 182 is shown. The
pur pose of the efror t}acking ci riggt 182':13 to cqunt the nunber of errors
and trap the{rel evp her {) ne T aptl ®rror was encount er ed.
The error tracki s > endbl ¢ ®herp Bit-2 of the output
register is set, aj Tqbge 8_pkd & SF 17, the: Enabl e
b rprervdd nis BND g8t e 292. A\D gate 292°

error track sigﬂ%"
al so receives 15;th

shown in Figure Err sjgnaly _ fra e mi n mat¢1§1mt 40. \Wen
t hese three signal s;a GH, ¢ h pre!§en e of lamyergor is § @etected t he
address where the ¢grror occurrid mll b&)stqfﬁ d ‘Hy ,Eapturl @@_h’e current
addr ess fromthe que nmenorg . c@ntrol| circuit 18 -and the current address
of the program counter of the'§ & -rogrlam nmenmory control cigguit 16
(Brigade latch 262 |of Figure )r:}?e@nthls regard, Brlgadgzo latch circuit
294 is used to captjure the que ry gddress, while BribdeTt=atgh circuit
296 is use to daptur ress. grhelarror |count
value is stored by |[Brigdde | atch : I e n%/ beav cl earled or
setto "0 by the O dar _sijgpgr—iecgireq Hy §he anilitHpl exér_>3 S fromthe
output circuit 122.f Ifgt ef-§ror g@rt vall @d § being|&@'&feq, it could

tt Eltgvﬂal f Fem-fthe $peci al %Qle li nes
f T

alternatively He @es@ ( &ifrdd %“e ough thé brbgrdm
i mredi ate word, whijch & s begi VEF w24 )| e@er 302 Otfher wijse, an Add
304 is used to incrleage the‘jerrpr unt b Qb Lror lis
det.ected. The errorf count val uQmay—te .eaﬂ th u h b!ﬁ:§0 thr gSgh bit-27
of the out put rfegi ster. J al so shas t hat
the error tracking{circuit 182 incorporatels: a portlo Qi t{hx Bri gade
| atch 286 for settijng or clearing the Brror Last flag. I'I‘Fé Er? ast flag
will be set 30 TRUF aftgr a naun nat h fjunctron rlesults an error, and it
will remain TRUE until nother mai_n et yrigt i on |s perfo‘f d w t hout
error. It should alfso,b a&thﬁ* Engpke N“JDr track and C ear
error |atches wll ha%e ect §1 +he™t §r bit] w
. E—_ﬂ ~ QFQ & ‘% S
S K 7N ~d % ;
: ‘ e \ S / N / [k,l
g 3§ B
] L - D th
> =2 3
3 S 88 § -
oy s > S . =
/ S ) S =%
N S SLv& S»n 5§51
S N $S3 N
R o K zEnS‘g 13
o D)
—> S y [
s § :
§8S -
NES
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Referring to Figure 18, a detailed block diagramof the stack circuit 121

is shown. The stack circuit 121 features a RAMcircuit 306 which
includes thirty valid | ocations, each of 35 which are 24-bits wi de. The
val ues which can be stored on.the stack RAM 306 are unsigned, whol e

nunbers (bits 15 to 38 of the word format shown in Figure.4A). The-sign bit
has no effect on the stored values, or on addresses. The stack's
addressing and data-storing abilities are conpl etely independent of

each ot her, which nmakes the stack bi-directional. The user may
- 30- chose the base address of the stack circuit
121, as well as which direction the stack grows, to hi gher or | ower
addresses. The ${ack address, which appears in@he first five bits of the
40- bi t wor ¢Ff or mat of Figuge 4AFKBUId be :én- even nunber. Thus,
locations 0, 1.8 ..thru 29 aﬁ ghe sﬁaé?t; =
S IS5 SIS ~
=~ 3 *-’SQ) =
QO x B %) 1%
> O LS) o)
3 S o S =
b P e D <<
) ~ %) N S
x M F _ ;o ) m
s 2% 1oyt |8 |8
“ 0 > g | J :"
EFY 7 Q) S
I3 - 1 13 g
2w Q X} < <
S| w—HA = N ;
W] x~ S O\l ~
QT X |~ ) ~ 1
S B = -~ ~ =
Qb O My -
bS] L I Ni™M
Q< x ~ o
- S Q S
b‘; Ll >< —J
S SIEIA N V!l ~%_§ . l y
2 [RE[ S8
o N D
II\/I\\% §/ \‘0 /":Q\j
Q ™~
SN B S T S
. Q X K
Q ™ ~
x 9 ~ 3
gh v Ry Qo AN
= 8 N g™ W S
K9~ -1 8 Sg
o N 2 =
o L= . n
xS = Y
$3 1 & !
+a(2 R
= . Q. Sl S 4N
[ NS S
© B “~
S &£ N
- N(';} y,
\,a
ey ST .
n N
< 88 [skrid
i S X [S j% §
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RAM 306 coul d correspond to addresses 000000. 0000, 000000.0002....thru

000000Q. 003A(h). 5 As nentioned above, the stack circuit 121
i s designed so that addresses of the stack is conpletely independent of
storing data on it. There are no push or pop operations in t he

tradi tional sense, although these operations can be sinulated. Accordingly,
witing to the stack should nore precisely be referred to as storing a
val ue on the stack. The stack circuit 121 i ncl udes three possible

sources for the val ue o) nanely the ProgCount Pl usl signal 10
fromthe program coun aé‘r&?e/aﬁeﬁ;é { fromthe adder circuit 106 and the
stack's own out put val ue. These input spuypgasrare received $¥irce2
mul ti pl exer 308. In gontrast, the address fpr the stack RAM 306 is
received fromthe Bri | atch 310. $S, there are three posgible
sources forthe stack Redatedbergas indi y—AH-t i pl exer 312. The stafk
addr ess val ue may (mWWtM%ﬂﬂy be th it pufZHf the adder cifcuit
106. Thereafter, the Wadd)circuit 314 P% PF 15 gs?c 0 i ncreasethe stafk
d cir
a

address val ue byone. Alternatively], t 316 _may be used to
add by a value which will subtract| the s ess VBP iyt one. The
out put of the adder 106 coul d |al so -
operations. A 1-bit portion of these two Ad
al so-shown in Figure 7. Accordinglly, it sho Aal-So be(fapp@@ci ated th

thé multiplexer 312 is shown in Figure 7 _tofbe gener al Jestignpelyped of JAND
gates US, U6, U 13, 20 Ul5 and Wtr7,—jnd |nvertlers Ul4 and Ul6. It shoul d

al so be noted that |inel8e% gggﬁF§‘BﬁéﬂL¥ of the bit |ines fromtjhe
adder circuit 106. (From MMU) eh—Ht—+s desired to store a vallue on
the stack; the address nust be set upfﬁ?rst “at | east one ‘i Astructfi on
before the storing eptragtimamed akgspirgce. Iff an addTess—Ghango—Ls-nade
along with storing -data 4/nh7ishe—sahe insfrudtion, thifs woyrd amouny, to fa
post-increnment or225 gggnﬁﬁpnt—dhfmgfter rds, the|datfa, wj| bE STqrdd at
ddress wil| |[HBskt" Up %Y t|he

the current stack;add[ma,ﬁnd 3 neg
next store operation. Wen reading ron1t stack, {he addres$ shquld

again be set up first. Once the a d ess Ha been gfjven, |the stack valjue

will be valid and usable mst rugti on.] Readinglis g so
the default operation, so tH?EWHdV 1;*ﬁif eI i T ress
The Y

afower of plop
gb”EFC|rcuMwyh35W and 316 jare

change is nade. 30 yuance
increnent or decrenent outsi of the %nirnx, And AHdTAM
circuit 306 will be treateg/as ille ress 3
000000. 003C and 000000. ®X8E. Thes 9 ddresses woul d result_{fromissuin
StackAddr + 1 conmmand at | ocatfon "¥a_gr ig ui ng a SttackAddr- S nd
at location "0" Such address changes wilj{l be detected by the And
318, which in turn generates the Lost signallbit in the y

Y YN

Or |eve| Or | 330 ’

s e B = S N

What ——> MUX
(From MMU) L

Normal
MainMathOut
- Buss
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35 out put register. Wien a stack over/under drawn condition is detected,
| ock, and no nore operati-ons wl|
of the adder

the stack circuit 121 wil |l

permifted Uuntil a |l egal address is |oaded fromthe out put
circuit 106. During this condition,

program

counter will be set to "2" via multiplexer 320, which will

recovery routine to be

execut ed.
19, a detailed block diagramof the rotate/merge circuit 162 is
As mentioned above, the rotate/nerge circuit 162 may be used for a variety

if ajunp to stack-value is done, the
-31-

enabl e an error
Referring to Figure

shown.

nanel y

of single- 5 instruction bit rotates, ppgs and nmul ti - woyd.penges. The
rotate/nmerge circuit 162 includes flour different input sourceg,
the output fromthe 51 nultiplexer 102 (Iabe[ed
0 — ComparOut v v
7 — Flag? -
2 — (=Clear) I34 | IV | oo | IV
3~ (=set)” - 70
—] ! y
—
] MUX
— YY YN YY /' Y
And | ==+ | And And || And
LogicSe/ |
(From MmU) XL L Y A
y
e YY YY
166 Or |eoe| O | 332
Y Y
A .
What —> MUX
(From MMU)
Normal
MainMathOut
Buss
Far—— . — [,

s {
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T

"Sourcel. "), ,the output fromthe S2 nultiplexer 104 (| abel ed "Source2"),
the nunber of bits to rotate (the contents of Source 1 to the right)
via the first forty opcode bits for the main nath unit (Table 4), and
the Mask selection multiplexer 322. The Mask selection nulti.plexer 322 al so
10 includes four input sources, as shown in Figure 19.

The rotate/nerge circuit 162 |ncludes a rotate unit which is conprised of a
set of forty AND gates 324. The rotate unit 324 causes rotation, as
opposed to shifting, as on bit val ues are lost. An AND Mask unit 326 is
included for nasking selected bits frog ource 1 wiph one ofthe input
signal s recei ved byt he nultiplexer322 ther AND npsk unit 328 is 15

i ncl uded for masking %ﬁ,{/ﬁ%e bits from ne of y@f‘e,-l 59%,(5
signal s received by the |t$d@)rM SESHA Ig,g
is provided for nerging ‘fq“,# urce 1 and Souge 39 = For~ exanpl e

if itwas desired to create a newwald Lhatwcogtgyns b owter IR2LjtHf
Sourcel and bits "24" to "0" of gourceZ,-th W met hoBluwSigAl Are
used: ( Mpi&eNechirtyves Betycted War arcecfed Sour cel 20

(2) Select the beginning word for Source2 (3) Sel ect
Rot-Mg Mask: a word with bits "39" to "25“iﬁgr—aﬁfiftﬂ 2" 40 A0"
cl eared (such as the Progi med val ue) (gige;LC rotate
anount of "0" (nothing rotated) . (5)Direct the result from
the main math unit to the desireggftore (such as 0?220f 25 t hegener al

pur pose registers 100, or the Lo ‘PAy1124) Referring to
Figure 20, a detail edpkock di agram of “t hg—bt—eadt ‘IatéW%lﬁB?b55§homm

In this regard, it shoul ¢ be apﬁoemedt-ed-‘twwf/bm dGSI 9RILef Sighephi t

cal culator 166 is siniTarto that of the3% ot dPe¥n circuit 162.. The
bit calculator 166 has the abil gbyrcg ~cha™gB5 @iz or |nore {(up to forty)
random bits in a 40-bit word to sonme commoa~—watde—the oyt put Ffrporr

sel ection 30 nultiplexer 170 w Flopiiher<caniain all ongs (SBY)S5817alA7
zeros (Clear). Wen Set, the contents "of Sourceh fal liy thr gugirgley trhep
Merge unit 332. Simlar when QFear;—tireTnt ent ce 1 are

bl ocked fromthe I\/Erge4gypf 1332, ThEMFRtURE | nput gi% rﬂT@!’to mul ti pl exer 170
can each be used t dogererareiappfopendt e fraskivasngedukitt run time. For
exanpl e, Flag 1 can be set by stqr¥n§gr  + 00000(Q. 529 in |t he out put

regi ster. The val ue of Sourcel algoprovides a nasktothe Source 35 2

val ue through Inverter unit ~ After masking, the values for Source 1 and
Source2 are merged into a single 40-bitword. In orderto illustrate the
operation of the bit calcul ator 166, anotter rexamp] e el | TbeRr ovi ded.

Specifically, consider the situation where=rt—Ts destrted to

7&&9-\‘ 172 174
MMU Code / /

=43 4 Sourcel ——>~ Multiplier
% Jg x J9 = p————>

Magn/'z‘ua‘fe

% Sourcez —>| 78 Bits Only Add
- Sign Bit ‘—* r
Y Errorflag | | GenPurp3 Or
Value If Magnitude | If Error, GenPurp4 Or
Sign + - = ( Send |#—i Send Full (e |GenPup5 Or
Magnitude + Sign Scale : GenPurp4 +
} GenPurp.‘J"
176 [’75

i/ . =1 C.
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- 32- : clear all of the bits in a word, except for

bits "19" to " 15", which should remai n unchanged. In - this case, the
foll owi ng net hod woul d be enpl oyed: (1) Sel ect the word to
be nodified.(Source2) (2) Select "bit cal culator |ogic:
Clear 5 . (3)Sel ect a Mask, such as the Program | medi ate

val ue input for Source 1 (a word - with all one's except for bits " 19"
through " 15", which would be zeros) (4)Direct the result
fromthe main math unit to the desiredowtare (such as one of t he

general purpose registers 100, or the/MaesabioHAM 124Yiop To 39 Msb's)
(Bits 0 7o 38,

., L Map To /5[)'5‘) (Map 24 Isbs To
StartDivide < Bits 1 To 24)
R (=0, WostSig (62 Usb’s)
24 Bits)
N J 2 B INZA 2 (7‘2}70
. s
71 3 7o 1 Mux (64 Bits)
X Numerator ¥
-~ S & , Lateh (64 Bits) (<
S Tk & 2
S Y S o J36 J
g S Q
FE. =S S 1L
g S| 8 w S § Latch (64 Bits) <
38 Q 0§V 2
SASS o S |
JEN—— Q ’
- _ y N (63/sbs) o
AL b— .
375 | S VoiS2 Adder (40 Bits) +—K=l)
N (39°/sbs)
Sign | ¥v _
(Bit 39) xR | Bl to s’y (1)
h .
iy Latch (41 Bits) &
NI (re)
| Y Y
i nor H—>{ w0 a0 | | or
146
Y =
Lotch (47 Bits) <
(+¢)
L otch Answer « «
_' Y
D/wdeﬁ?t?e Y Dil Set
- DivideError DivESet
DivideSignBit 4
_ DivideMagnitude
o L.
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Referring to Figures 21 A-21 C, detailed block diagrans of the nulti

plier

168 are 10 shown. Mre specifically, Figures 21A-21 C represent the

mul tiplier®
mul tiplier
provi ding full

168 wil |

168 during different

mul tiply operations.
respond to main math unit codes
I nt hi scase,

mul tiplication precision.
40-bits may be sel ected through the main math unitoutputnultiplexer

In Figure 21A, the
"40" and "41" by
ei t hert heupper or | ower

114. In

Start D vi de i nst

ﬁqctlon This result valu

Figure 21B, the multiplier 168will output the_m ddle 40-bits, namelybits
"15" to "53" plusthesi ga Lnsuch 15 a ¢ it _shoul d be understood
that very large or verg ¢ f\mﬁuﬁbe(s Wng 1gifg. | However, an
overflowerrorwi I | bedefect eg engbijt shmf t gnjposition (bit "53"
ofthe " 79" bit pro¢uct).l The resultlgg al {[wi Il be senttothe
errortracking circuit 82 fgr furfhgr . |Afditionally, if the
magni tude of the produfgt | s|zeto,|then the qoryegtijon |circuit 176 wil |
setthe signto be posit|ve. FKigurel 23C represent st he opefati on where the
product will 20 be radped—to—the—rontents—of¢ote*or nyrg of ,the noted
general purpose regdstbrs 1Q0. It shoul d bg~moted t hat(y3l | inputs
shoul d be positlve VAT UIER, @ d i gn his corrected or checked
in this particulla dlkre § Q: Referrin o Figure 22, a
detail ed bl ock di agh';ar&olst §| wWdRy cirquit |146 i sshown. As

i ndi cat ed above,| diy siloli & pgrr f d jlas |a background pr ss in the CPU
12. The 25 nunfmatgﬁigsgérg%gg ég gg he |Sourjce 1 input, d the

denoni nator is p%sﬁntmdﬁ oxX 8 Hue? i nfput. The resylt of a divide
operation will Resa¥ai‘Paf? e“orint e PLtH instruction fol l owfpg the

(S

Qut value as thg Xmin math unit Source2 input signal. Di vi deError
bit and the Divi e bits will be trgnsmtt to th ut put circuit
122. In this reqard, _pit-15 of the output @& deDon ill be cleared
30 (LOW by t he StaEi[]V|de instructian, |a eturn GH after "21 "
instructions. Sitmtarty; brt=16"of t he¢ SUT|plit#word (DilvildeError) will
be cl eared (LCNV“by the SJart and wilfl go H GH after
"21 " |nstruct|ons if f an;errar occurregs The di vi der
circuit 146 enploys & cohvent onal "shi fjte&and subtr 1 f possi bl e"
al gorithm which has fts own cjocBng s . The Di t and D vESet cl ock
signals occur at 35 twce theffre _ e EQ[A % cl ock signals. The
StartDivide instructijon signal ini =~ thg nunefator and
denom nator in their¢respectiye—t=a o388 —=after which the
di vi der circgt 146 is a ptandyalone_co-Brocessor—ihile the divider
circuit 146 couI%be made faster, ﬁ | ar nupder of,:yat es woul d be
required for are ?l%@ly e Q§al |nprovenent i n speed.
4 e .
»~ Q L)
E: 3 S5 S
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3 3 & NEHIRERSINI|
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‘a divide operation could be

Addi tional ly,

- 33-
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taken fromthe integer portion of the word in the format of Figure 4A. Wen
converted, the 8- digit result need only occupy bit positions "0
through "28" of the main math unit out put . Only "29" bits are needed
for the result, because the nost significant digit can only be a zero or

a one. Positive and negative nunbers are designated by bits "32" through
"39" of ‘the result. 15 The ASCI| code equivalent for a + or a - is placed
here, based on the sign bit (bit-39) of the Source 1 input word. For
positive nunbers, 2B(h) is used for the sign, while 2D(h) is used for

negati ve nunber &MU Code (Bits 15 To Prjures 23B-23C i a nore
detai | ed bl ock diaggam off—tte—birar-yt-o—BED—comrer g%‘@ggg?&% Fi gure
23B,the Sourcel line is llab 74s it represent "ty Gt Ut f rom 20

the S1 nultiplexer 102. Higufg shows -t hat  t ry, t
CD siffidal %ﬁo&gﬂeﬁt@% éb'é’zéf Fi gure

converter 148 receives th
12. The Enabl e Bﬁprsrgnal nvertlng anplifiers 344-346.
‘ AND
%? ézq%{éred

Bits " 15" thro “g%“t
gates 348, whi | ek%f%’ 39" L

Enabl eBCD si gnal To )prO\' ¥ these gates' The
Enabl e BCD signal wll er ' /&ilgnal 25 to pass through the AND
gates 348, and thereb a t Ny birjary to BGDW@oﬂvd%FéMﬂmwﬁaMmbf._
appr eci abl y nore76#¢ ¢ nsunmed when el ectroni ¢ conponents -
under go si gnal tran5| T e use of a LOWEnabl e BCD signal hasthe

effect of substantially reducing power r#jrg;;;gg othe binaryto
BCDconverter 148 when its use is not vivin enabl ement of the

bi naryto BCD converter 148 may be checked thrbugh t he Bi nBCDActi ve signal,
which is 30 generated by activity detection |ogic gates 352.
The binary to BCD &drberter] 148 infludes a Term Gather nodul e 354, mhlch

is sinply an eNggls-—caH connecfoer>t hat rjoutergappropri ate ones of the
24-bits passed thr ANI %3535 348 tospecific bit lines in each of
t he seven converte .séﬁge Bkl 383 ach of [these seven converter

st ages 356-368 is (i |% Himes & P3C| Gemplilustrated, each of the
converter stages 34bJ56=384 contripute £o5byild the 29-bit BCD result,
which is | abel ed BVpBSBDS+ The copwest er stages ndy be constructed
froma series of fyplrsaddads (suchfassl.SI Lqgic full adder cell FAIA).

Fi gure 23C al so SQQ%? ha% ASCI | s] gn watte—nodul e 342 is sinply conprised
of an inverting ﬁ% 7@;-310_and bit Iine 372.
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CLAIMS 1. In a harvard architecture conputer having separate naster
control busgs, a data manipulation and program control architecture

conpri si ng: a data mani pul ati on architecture having: at | east
one processor having a plural.i#ty of execution units, including a first
execution unit and a second execution unit, each of said plurality of
execution units being coupled to said master data bus; sai d
execution units each being configured to fully perform a dedi cated
conput ati onal function within said single clock cycle, .said execution units
being coupled in parallel go said master data bus such that data flow ng
on said master data bus is sinultaneously avail able to each of execution

units:
0—4 Nl
-
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sai d execution units being configured such that each perforns its dedicated
conmput atiopal function within said single clock cycle: - a plurality of

| ocal data buses, including a first data bus .coupled to said first
execution unit and a second data bus coupled to said sécond execution unit,
said |l ocal data buses being coupled to a programmably selectable multiplex -
circuit; at |l east one register having a plurality of progranmably

sel ectabl e ports, including a master port for coupling to said naster data

bus, a first pprr—for—coupting to satd 11730 dala bUus and a second port
for coupling tp |sa-e—second dat; us; a ppogram control archijtecture
havi ng: A aupl ed said master ©ontrol bus for<4@forijng at
| east one very] | st f uction/wor j detion; ar
interface for cqupling eact? bd, | sai d
register to spi|ld master ccrﬂ&gﬁﬁgﬁg yery
| ong instructipn ¥ L structure s of
sai d VLI Wcontfql juction to-predetles i pn
units and said| 1 : COMPARE |
424 )
‘420
. ' (Sﬁwﬂ?ﬁv 408
- \. 426 ~—428
410
BINARY T0 BCD 430
' 436 412
PROGRAM oo L
COUNTER
438
. 439 L4
/
. —> ] STORE IN
R
440
416
SELECT MMU FOR OUTPUT REGISTER 4444
QMM
o .. C A.

34/35 -



39 «sai dwnmenory and said interface being operable in a single
operation cycle to deliver <control instructions to said execution units
and said register, each execution unit and register receiving said control
instructions that correspond to the predetermned fields napped to that

execution unit or register; said multiplex circuit being responsive
to said control instructions to selectively couple one of said first and:
second data buses for selective access by said register; sai d

regi ster being responsive to said control instructions to open

communi cation wth a selected one of said first data bus and second data
bus and to store a copy of the data extant on said sel ected bus;

wher eby said data mani pul ati on and said program control architectures
cooperate to '

452

| - 450 446
Vi

> | STORE IN

| ADD/INCREMENT CUE el

| Ger 448
., |
OIVIDE  4—=454
[e=]T ‘
430 432
’ (STORE IV
434
)
{
i 449
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si-rul t aneously perform plural data processing operations in a single
operation cycle by programmtically routing data anong sai r
execution units and said register based on said very |ong in@w&&ﬁ&

(VLIW control instruction. 2. The apparatus of claim 1jjwher ed9 sal dggé’é"'
processor conprises a main math unit for perform ng numejiozad .Y i
cal cul ati ons and wherein said apparatus further includes a

processor for perform ng Bool ean | ogic cal culations. 3. The apparatus o
claiml1l wherein at |east sone of said plurality of execution units are
sel ected frjo@m} he group consisting of: I ncrenmenters, adders,

conparators,“:multipliers, dividers, binary to BCD converters, Bool ean

| ogi ¢ executPrs, bi 'Erhmani pul.ators, and general purpose mathemati cal
calculators.] 4 EaPp t us\-ml‘a' 1 Whrereim rsah d~f-rgt  aReqsecond
execution tsaﬁgrfo- di 1“ ent >dat a )ces;%ng g\iq't [ m@. >%.9 | _The
appar at us g? clglm {1l eLnsai :L@ r % 0ff ®xeg %d)n UIRe tHS aik h@s a
dedi cat ed dafa bus [sepgrat f1t nf $ t-er DGSEAN gr atelfromt he
dedi cated w@pta buges _dif the |ot her jexefut|i on ts
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6. The apparatus of claim5 wherein said register has a progranmably

selectible port for coupling t D of The dedrygat ed daffa_pUSes of —sara—
plurality of execution units. | Tﬁ?é:t;.éeg: h?%&’fe firal proh‘:@g’:“I BYRENT SHEET
capabl e of performing nore tha :&B&&@: on in g singl§ el oc By JUN 1997
said central processing unit having a data nenory bus and{la&?UR parat e -wrereesee

program nmenory bus, said central processing unit conprising: a
plurality of independent conputati onal ﬁ?ocessors; at | east one of
sai d i ndependent conputational processors having a processor output port
and a programmably controllable nultiplexed processor input port coupled to
a plurality of different data sources; each of said independent

conput at i ongiMRASSPPEES MINRIPIEX EDRUPERSEXLAR HARVARDARCEIPELTURE Uni ts
that each fully perfornms a dedicated conputational function wthin said

COMPUTER
ABSTRACT

A massively mﬁliplexed central processing unit ("CPU") which has a plurality of
independent computational circuits, a separate internal result bus for transmitting the
resultant output from each of these computaﬁonal circuits, and a plurality of general
purpose registers coupled to each of the computational circuits. The CPU also features a
very long instruction word which uses a series of assigned bit locations to represent the
selection codes for each of the CPU componenté. These selection codes are directly
transmitted to each of the CPU components by a program control circuit. A separate
data control circuit is further provided in achieve a Harvard architecture design for the

CPU.

Fig 1
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b AN A :
single clock cycle, said execution units being coupl ed [[TT_paratFer—to—5o
mul ti pl exed processor input port such that data fl ow rgHFRFﬁGEMEyEi&ﬂEET
processor input port is sinmultaneously available to alj _execution units
the conputational processor, and said execution units {bBfSgk8+HCE
paral l el through a programrably controll mul ti pl exed OUTpUr port-—c
to said processor output port; a plurality of registers; each
(0f said reghglR"&ilhaY 1289 BefiAHeAEFISE bohQht g?&drﬁhhﬁexﬂwytd:ﬂ B Hta RGOHP
I nput port connected to each said processor output port; and each of
sai d regi sbfi sompiien Which 8 Pasddeiponlthe Barvael irchitseaset ed to sai d processor
I nput port of at |east one of said conputational processors; a data
menory control neans |inked SOUMMARY OF THE INVENTIONut port for receiving
and transmitting data words on said data nenory bus, said data nenory
control means Ithawnrmpject ofithe presentyinvantipnto pmeﬁommemomndbad\unmgos: efsor
i nput port of at |east one -.of said conputational processors; and a
pr ogr am coteriorasns for receiving an instruction word from said program

According to one aspect of the present invention there is provided in a harvard
architecture computer having séparate master control buses, a data manipulation and
program control architecture comprising: a data manipulation architecture having: at
least one processor having a plurality of execution units, including a first execution unit
and a second execution unit, each of said plurality of execution units being coupled to
said master data bus; said execution units each being configured to fully perform a
dedicated computational function within said single clock cycle, said execution units
being coupled in parallel go said master data bus such that data flowing on said master
data busi is simultaneously available to each of execution units: said.execution units being
configured such that each performs its dedicated computational function within said
single clock cycle: a.plurality of local data buses, including a first data bus coupled to
said first execution unit and a second data bus coupled to said second execution unit, said
local data buses being coupled to a programmably selectable multiplex circuit; at least
one register having a plurality of programmably selectable ports, including a master port
for coupling to said master data bus, a first port for coupling to said first data bus and a
second port for coupling to said second data bﬁs; a i)rogram control architecture having:
a memory coupled to said master control bus for storing at least one very long
instruction word control instruction; an interface for coupling each of said plurality of
execution u'_nit_s and said register to said master conirol bus; said interface defining very
long instruction word (VLIW) structure that maps predetermined fields of said VLIW
conﬁol instruction to predetermined ones of said execution units and said register; said
memory and said interface being operable in a single operation cycle to deliver control

instructions to said execution units and said register, each execution unit and register



- - L

L

menory bus wherein said instruction word includes porti SHEET
series of assigned bit locations to represent selectio %Z\dewfﬂﬂ'
etac‘[l @ ‘99'

programably controlling each said processor input porl ________________
mul ti pl exed output port, and each said ltiplexed reg ,sL? Ut —pert
said programcontrol neans for further directly transmtting said

41 selection codes to each said processor input port, each said

mul ti pl exeadedving Waiddedrkrol AbtrucBaB thardoiredbdrid 1ol th prbdeREiied fidld mhppsd fo t O
programmebly control each said processor input port and each sald regi ster
I nput  por tthatuetectition uhiteorf regisver; sgidomeitipexacirduinbeing responmiveitogdail comedl
cycle: (a) input data are applied to said processor input port fromone of
sai d pl ur dnstryctions to selectively eouple anetef saidificgsandesecond dataabusds dor selectivet
portion of said instruction word: g_) each of said execution units

concur r entacgesp byrsgidegister; suidhragisicr beiag resprRBsiYS P saisheontrol instaigtigns fepepen
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communication with a selected one of said first data bus and second data bus and to store
a copy of the data extant on said selected bus; whereby said data manipulation and said
program control architectures cooperate to simultaneously perform plural data processing
operations in a single operation cycle by programmatically routing data among said
separate execution units and said register based on said very long instruction word
(VLIW) control instruction.

‘-\___ According to another aspect of the present invention there is provided a central
processing unit capable of performing more than one operation in a single clock cycle,
said central processing unit having a data memory bus and a separate program memory

: bus, said central processing unit comprising: a plurality of independent computational
' | processors; at least one of said independent computational processors having a processor
output port and a programmably controllable multiplexed processor input port coupled to
a plurality of different data sources; each of said independent computational processors
having a plurality of individual execution units that each fully performs a dedicated
computational function within said single clock cycle, said execution units being coupled
in parallel to said multiplexed processor input port such that data flowing through said
processor input port is simultaneously available to all execﬁtion units of the
computational processor, and said execution units being coupled in parallel through a
programmably controlled multiplexed output port coupled to said processor output port;
a plurality of registers; each of said registers baving a programmably controllable
multiplexed register input port connected to each said‘processor output port; and each of
said registers having a register output port connected to said processor input port of at
least one of said computational processors; a data meﬁlory control means linked to each

said register output port for receiving and transmitting data words on said data memory
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(c) said nmultiplexed output port couples the conputational output_ of on
said execution units to said processor out put port%-\bﬁg, &M@Nfggggd
r f

portion of said i nstruction word; (d) the regist port o
each of said registers couples to one ofy said processor L

based on a third portion of said instruction word. 8 Deferivdnt;
according to claim7 wherein said central processing unit Includes an
execut i on baggsHd datadilemoby TonRolSMRAisAhAifX 8 Watd MRMBEF vaHue gaﬂdé@ﬁzécteﬂ soand
an execution sequence nenory control nmeans for receliving data words on
sai d executidgrosssspreinpet pattibfiatilesst wine off said pompetatiomsd ipadeessord; and bp@igharn Ng
address associated with a routine of instructions stored in a program
menory, as6entrelrmeansdonrdcatyingam instryetionwoxd fsemssaidoprograse memony dus) wheosin
address bus. 9. The invention according to claim8 wherein said

execut i onS&dqinstredtioneWerd, includasy portigpn defiging o perias efeassigngd Lhik lecajions to
execution_sequence nenory. caontrol inpuj. ports... which are individually
Connect ed ERGCRERE elpriiRtealss 191, PRRresBBiAbly Comsollingeeath paid: PTORESSOR, SV g o

cl ai m 8 wher.ei n,sai entra rocessi ngdcﬂnit fu

each said mul%pfexe ou port, and said muft}ptl]eexgd register input port, said
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program control means for further directly transmitting said selection codes to each said
processor input port, each said multiplexed output port, and each said multiplexed
register input port to programmably control each said processor input port and each said
register input port such that the following occurs within the same single clock cycle: (a)
input data are applied to said processor input port from one of said plurality of different
data sources selected based on a first portion of said instruction word: (b) each of said
execution units concurrently performs its computational function upon said input data:
(c) said multiplexed output port coﬁples the computational output of one of said
execution units to said processor output port based on a second portion of said
instruction word; (d) the register input port of each of said registers couples to one of
said processor output ports based on a third portion of said instruction word.

According to still another aspect of the present invention there is provided in a
computer. having a data memory, a program memory aﬁd separate data memory and
program memory data buses, a central processing unit which is capable of performing
more than one operation in a single clock cycle, comprising: a plurality of independent
computational processors; each of said independent computational processors having a
programmably controlled processor output port and a programmably controllable
multiplexed processor input port coupled to a plurality of different data sources; each of
said independent computationél processors having separate processing circuit dedicated
to at least one unique mathematical function, and; at least one of said independent
computational processors having separate processing circuit dedicated to at least one

logical function; a plurality of registers; each of said registers having a programmably
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i ncludes a stack circuit, said stack circuit having a stalr"r%"'u PUt EET
connected to said processor output port from one of saidj &ﬁ%&ﬂ@fﬁ“

processors which is dedicated to providing an increnenteff functi wa
stack output port which is connected toggaid program nme r@e"%birtgg}qaﬁiﬂﬁﬁ""

42 11. The invention according to claim7 wherein one of Sard

conput ati onal processors includes a plurality of independent conputation
circuits aostraltblecmultipieredirogisie it pog cofdcpd! 16 cacloBaid processir ot portsai d
regi sters for simultaneous input to each of said conputation circuits in
sai d one afd;szch of saif wegisternidving @ cegister cutput ort invedted, tnsaid progessor dipug t o
claim 11 wherein said source neans includes a pair of multiplexer circuits
and each Pertsefi at jeast ong ofisaid pompeational PEPgessaigisa dlata memery qontrel masans

i nput port. which is also connected to_ said, data nory output port.
P P linked to each said register output port for recelv(ijng ancrg'ans itting data wgrds on said

data memory bus, said data memory control means having a data memory output port
connected to said processor input port of at least one of said computational processors; a
program control means for receiving an instruction word from said program memory bus
wherein said instruction word includes a series of assigned bit locations to represent
selection codes for programmably controlling each said processor input port and each
said register input port, said program control means fof further directly transmitting said
selection codes to each said processor input port and each said register input port to
programmably control each said processor input port and each said register input port to
programmably control each said processor input port and each said register input port,
said program control means, said processor input.port and said. register iniput.ports being
cooperative such that the following occurs within the same single clock cycle; (a) input
data are applied to said processor input port from a one of said plurality of different data
sources selected based on a first portion of said instruction word: (b) each of said
processing circuits concurrently performs its computational function upon said input
data; (c) said processor output port selects the computational output of one of said
execution units based on a second portion of said instruction word; (d) the register input
port of each of said registers couples to one of said processor output ports based on a
third portion of said instruction word; an execution sequence data bus and a separate
execution sequence address bus; and an execution sequence memory control means for
receiving data words on said execution sequence data bus which represent pointers to the
beginning address of a routine of instructions stored in said program memory and for

generating an address word on said execution sequence address bus.
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13. The invention according to claim7 wherein said cef

includes a |ogic analyzer nultiplexer having a plural . %
ts isqcC i
NSRSl

i nput ports wherein each said |logic analyzer input po
each said conputational processor output, port and eacl

output port. 14. The invention according to claim7 wH 1T sal d central
processing unit includes a conparator circuit having a plurality of
conparator input pPRESCRIFTION ORIHD PREFERREDEMBODIMENKE(S) ports is

i ndividual ly connected to a plurality of said register output ports and
at | east one gdditigmbfeatwes amiddvantapes of the pfeserittinvention rwillcheceme amate rfglly o
claim?7 wherein said central processing unit includes error track neans
for trackppRprentrfsem 4 reading| ofdbe detaided flessription ofrihetprefevied | emhodiment and the 16.

In a conputer havjng a data nepory, a program nenory and separate data
menory an@cOoPEERKRg deawings WA ses. a central processing unit which is

bl f f ' e th ' i n.a single,clock
Compri oi ng: " Figure §' i, ek i e BBrG coRmDbIHSiseuE PO s 488 G
each of sa d i.nd ndent conput.ati onal processors having a programuably
controll egccﬁf%ggg gﬁf%‘gfnrgégé?n‘and a programmably controll abl e

mul tipl exed PERGEES9E a simplified block diagram of the CPU shown in Figure 1.

Figures 3A-3D provide a more detailed block diagram of the CPU shown in
Figures 1 and 2.

Figures 4A-4D illustrate various word formats employed by the CPU.

Figures 5A-5H provide a general schematic diagram of the CPU shown in Figures
1, 2 and 3A-3B.

Figure 6 is a timing diagram which illustrates the clock signals employed by the
CPU. .

Figure 7 is a detailed block diagram of a brigaded latch circuit of the type

employed in several component of the CPU.
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I nput port coupled to a plurality of different data so : 00
sai d i ndependent conputati-onal processors having separ 5&%%%%@%?&'{]%%%%

circuit dedicated to at |east one unique mathematical f @gt I,0 X

at | east onil“umwu rﬂ mmFent conput ggi onal pr ocessdl ¥ Kaviig-
processing di LU M to at | east one logical function;

a plurality of r”egi sters; . . each of said registers having a

programmably controllable multipl exedCEA§MSt er input port connected to
each said processor output port, and; each of said registers having a
regi ster dut plp apharvardosnehitecsuretcompiter pvingeseparate imagigr cooirol basest al daiat
one of said conputational processors; a data nenory control neans

i nked t o™M@aipwlation and nspgragy cantrop atchiertyre/comPFISIg; vi ng

a data manipulation architecture having:

at least one processor having a plurality of execution units, including a first
execution unit and. a second execution unit, each of said plurality of execution units
being coupled to said master data bus;

said execution units each being configured to fully perform a dedicated
computational function within said single clock cycle, said execution units being coupled
in parallel go said master data bus such that data flowing on said master data bus is
simultaneously available to each of execution units:

said execution units being configured such that each performs its dedicated
computational function within said single clock cycle: |

a plurality of loéal data buses, including.a first data bus coppled to said first
execution unit and a second data bus coupled to said second execution unit, said local
data buses being coupled to a programmably selectable multiplex circuit;

at least one register having a plurality of programmably selectable ports, including
a master port for coupling to said master data bus, a first port for coupling to said first
data bus and a second port for coupling to said second data bus;

a program control architecture having:

a memory coupled to said master control bus for storing at least one very long
instruction word control instruction;

an interface for cbupling each of said plurality of execution units and said register
to said master control bus;

said interface defining very long instruction word (VLIW) structure that maps
predetermined fields of said VLIW control instruction to predetermined ones of said

execution units and said register;
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and.traﬁgn‘i—tﬁ—ng‘da't*or‘mrds on said data nmenory bus, sai _ _
control v ta menory output port connecte REPLAGE

I nput poail]ﬂiu j[ﬁ%!“n E of said conputational procesgars; lcp 0cY
progr am o Iy s receiving an ggstruction word § G said program

menory bus wherein said instruction word includes a seriés of assigned bit
| ocations to represent selection codes for programmably controlling each
sai d processosaid memorpand saidrintesfacbeing dperabje ih e singigpogergtion cycaioddeglivegr am
control neans for further directly transmtting said selection codes to
each sai deqnirsd dagtnictionp e spidr exegnidore apis 9nd gaidexggistary ea¢hh pxecugion tunitoand
programmably contro|l each said processor_input port and each said register

i nput por ICEISETpresRiving Rald \corak mstrugtions thal; eprspends &) the; predetesinedafigldeach
id i st [ t {, id t I , id [ t

port and Tapkpdtadhel aPCHIGRNIL FAREERES] g cooper at | ve such that the
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i nstruction
said register being responsive to said control instructions to open communication

with a selected one of said first data bus and second data bus and to store a copy of the
data extant on said selected bus;

whereby said data manipulation and said program control architectures cooperate to
simultaneously perform plural data processing operations in a single operation cycle by
programmatically routing data among said separate execution units and said register
based on said very long instruction word (VLIW) coni:rol instruction.
2.  The apparatus of claim 1 wherein said one.processor. comprises a main math unit
for performing numerical calculations and wherein said apparatus further includes a
second processor for performing Boolean logic calculations.
3.  The apparatus of claim 1 wherein at least some of said plurality of execution units
are selected from the group consisting of:

incrementers, adders, comparators, multipliers, dividers, binary to BCD
converters, Boolean logic executors, bit manipulators, and general purpose mathematical
calculators.
4.  The apparatus of claim 1 wherein said first and second execution units perform
different data processing functions.
S.  The apparatus of claim 1 wherein said pluralify of execution units each has a
dedicated data bus separate from said master data bu_'s'. and separate from the dedicated
data buses of the other execution units.
6. The apparatus of claim 5 wherein said register has a programmably selectible port

for coupling to each of the dedicated data buses of said plurality of execution units.
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(b) each of said processing circuits concurrently perfpFHs
conmput ati onal f functlonm m‘asal d input data; (c) saild

port sel ect M\m out put of one of said excutlon‘ GUQCI
on a seconds\m

nstructionggord; (d) the rieay? ster " Ipp
of each of satd ¥ edi sters coupl es to one of said processo out put ports
based on a third portion of said instruction word; an execution
sequence @at aAbusnterd hracessing witie capablis. of @&rmﬁqh@nﬁﬁrﬁdﬁiﬁaﬁe loperationdin a
an execution sequence nenory control neans for receiving data words on said
execut i onsisglpudockecyids, saliucenival processingastbaving adetasneroryhimsizngi asepatate
address of a routine of instructions stored in said programnenory and for

gener at i nBrogHam dagnaery bugpsaid eentel ipsocessing unip pomptigice addr ess bus.
a plurality of independent computational processors;

at least one of said independent computational processors having a processor output
port and a programmably controllable multiplexed processor input pbrt coupled to a
plurality of different data sources;

each of said independent computational processors having a plurality of individual
execution units that each fully performs a dedicated computational function within said
single clock ;:ycle, said execution units being coupled in parallel to said multiplexed
processor input port such that data flowing through said processor input port is
simultaneously available to all execution units of the computational processor, and said
execution units being coupled in pa.u'allel through a programmably controlled multiplexed
output port coupled to said processior output port; .. C e

a plurality of registérs;

each of said registers having a programmably controllable multiplexed register
input port connected to each said processor output port; and

each of said registers having a register output port connected to said processor
input port of at least one of said computational processors;

a data memory control means linked to each said register output port for receiving
and transmitting data words on said data memory bus, said data memory control means
having a data memory output port connected to said processor input port of at least one
of said computational pfocessors; and

a program control means for receiving an instruction word from said program
memory bus wherein said instruction word includes portions defining a series of assigned
bit locations to represent selection codes for programmably controlling each said
processor input port, each said multiplexed outpuf port, and each said multiplexed

register input port, said program control means for further directly transmitting said
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17. The inventien—aceording to claim 16 wherein one of

processors includ ﬂmal ity of i1independent conput

source nea ] the output fromat |east ong saidy el d89? |
out put pornmuf“‘nﬂhm s input to eggh of said con{p@aéﬁii-oﬂ-ﬁ-gggleui-{-s- iin
sai d conputational processor. 18. The invention accordriig to crarmtr
wherei n source neans includes a pair of multiplexer circuits and each of
sai d mul tsefdceioricodes ueach shidspracessorpinputpport, eabh shidimultpkred ootpnepodredand
said data nenory output port. 19. The invention according to claim 17
wherei n seach saide mydtiexeg: fegistar ippoicpert 4o programmablyi eentiad eack saiduproaessor

mul tiplexer for selecting the output value fromone of said independent
conput at i @aulc pews \Andseach gid yegister Pyt DFt Sk dha; the foowing escuss widRithe sai d
i ndependent cmut tion circuits includes both mathematical and | ogi cal
processi n{mE pelock oygle: The j nvention according to claim20 wherein said

- ol . i cui - g - b
Conver ¢ erhndEs fo JaF Pl i, Seidi acetrer. Dotk pbit Hroek rul o Siks iRl Bt "o
R circurt ancﬁffa&n% sbhfcEY bdiected based on a first portion of said instruction word:
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(b) each of said execution units concurrently performs its computational function upon
said input data:

(¢) said multiplexed output port couples the compﬁtational output of one of said
execution units to said processor output port based on a second portion of said
instruction word;

(d) the register input port of each of said fegisters couples to one of said processor
output ports based on a third portion of said instruction word.

8. The invention according to claim 7 wherein said central processing unit includes an
execution sequence data bus, a separate execution sequence address bus and an execution
sequence memory control means for receiving data words on said execution sequence
data bus which represent pointers to a beginning address associated with a routine of
instructions stored in a program memory, and for generating an address word on said
execution sequence address bus.

9. The invention according to claim 8 wherein said execution sequence memory

control means also includes a plurality of execution sequence memory control input ports

which are individually connected to each processor output port.

10. The invention acéording to claim 8 wherein said central processing unit further

includes a stack circuit, said stack circuit having a stack input port connected to said

processor output port from one of said computational processors which is dedicated to
providing an incrementer function, and a stack output port which is connected to said

program memory control means.



21. The | |ng to Caim19, wherein at le sﬁEmmEﬁﬁquET
conput atl wgwm, lmncl udessource mnul ti pl exing ans for selecting
froma plura put signal sources, including Hak - npgn(;l[ngg_‘ﬂt

at |l east some of said-general purpose 4, registers. 5=
22. A nethod of performng nore than one operation within a single clock
cycle of a central processing unit, conprising the steps of:

provi di ngla piThe dhvenyionfaccordingerndelaiim §oniertiat onenal sajid carapwaticnal/prodessure
capabl e of processing input signals froma plurality of different

sour ces; #Bludes a plurality of independest compatativn cixtuitsyandf souecesi meanssfor seleeting ve
the resultant values fromeach of said conput ati onal processors; and
sel ect | ngOvtRELs from aklganh| ane; of saidh registersi for ceimylianaoNs HEPUL, i, €aedds o ssaidd
directing t he storage of, the resultant vaI ues fromeach of said

conput at S%P“%?%ﬁg%fssm sgid.qne; of s21d coppputational PTOCEs$RrSy i st ers t hrough a

single programi
9 Progr aiphe rfr%ern 8;[1 Ia(cgcr:]ordmg to claim 11 wherein said source means includes a pair of

multiplexer circuits and each of said pair of multiplexer circuits has a multiplexer circuit
input port which is also connected to said data memory output port.
13. The invention according to claim 7 wherein said central processing unit includes a
logic analyzer multiplexer having a plurality of logic analyzer input ports wherein each
said logic analyzer input ports is connected to each said computational processor output
port and each said register output port.
14. The invention according to claim 7 wherein said central processing unit includes a
comparator. circuit having a plurality of comparator input ports wherein each of said
comparatori input ports is individually connected to a.plurality -of -said.register output
ports and at least one said processor output port.
15. The invention according to claim 7 wherein said central processing unit includes
error track means for tracking errors in at least one of said computational processors.
16. In a computer having a data memory, a program memory and separate data
memory and program memory data buses, a central processing unit which is capable of
performing more than one operation in a single clock cycle, comprising:

a plurality of independent computational processors;

~ each of said independent computational processors having a programmably

controlled processor output port and a programmably controllable multiplexed processor
input port coupled to a plurality of different data sources;

each of said independent computational processors having separate processing
circuit dedicated to at least one unique mathematical function, and,; |

at least one of said independent computational processors having separate

processing circuit dedicated to at least one logical function;
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a plurality of registers;

each of said registers having a programmably controllable multiplexed register
input port connected to each said processor output port, and;

each of said registers having a register output port connected to said processor
input port of at least one of said computational processors;

a data memory control means linked to each said register output port for receiving
and transmitting data words on said data memory bus, said data memory control means
having a data memory output port connected to said processor input port of at least one
of said computational processors;

a program control means for receiving an instruction word from said program
memory bus wherein said instruction word includes a series of assigned bit locations to
represent selection codes for programmably controlling each said processor input port
and each said register input port, said program control means for further directly
transmitting said selection codes to each said processor..ixllput port and each said register
input port to programmably control each said processor input port and each said register
input port to programmably control each said processor input port and each said register
input port, said program control means, said processor input port and said register input
ports being cooperative such that the following occurs within the same single clock
cycle;

(a) input data are applied to said processor input port from a one of said plurality of
different data sources selected based on a first portion of said instruction word:

(b) . each of said processing circuits concurrently performs its computational function
upon said input data; -

(c) said processor output port selects the computational output of one of said execution
units based on a second portion of said instruction word;

(d) the register input port of each of said register§ couples to one of said processor
output ports based on a third portion of said instruction word;

an execution sequence data bus and a separate execution sequence address bus; and
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an execution sequence memory control means for receiving data words on said
execution sequence data bus which represent pointers_-to the beginning address of a
routine of instructions stored in said program memory and for generating an address
word on said execution sequence address bus.
17. The invention according to claim 16 wherein one of said computational processors
includes a plurality of independent gomputation circuits and source means for selecting
the output from at least one said register output port for simultaneous input to each of
said computation circuits in said computational processor.
18. The invention according to claim 17 wherein source means inciudes a pair of
multiplexer circuits and each of said multiplexer circuits bas an input port which is also
connected to said data memory output port.
19. The invention according to claim 17 wherein said one computational processor
further includes an output multiplexer for selecting the output value from one of said’
independent computation circuits. \ e
20. The invention according to Elahn 19 wherein said independent computation circuits
includes both mathematical and logical processing circuits.
21. The invention according to claim 20 wherein said mathematical processing circuits
include a multlpher and a binary to BCD converter and said logical processing circuits

includes an AND circuit, an OR circuit and an ExOR circuit.
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