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REGI STER SCOREBOARDI NG EXTENDED TO ALL MULTI PLE- CYCLE OPERA- TIONS LM R o ¢ 2 ¢
Pl PELI NED M CROPROCESSOR Techni cal Field The present invention relates to

dat a proceSS|ng systenms, and:nore particularly to apparatus for extending

the capa- bility of scoreboard bits in a register fil'e to all nultiple

cycle gperatlons when executing an instruction streamin a pipelined

m cr oprocessor. Background Art In US patent 4,891, 753 "Regi ster

Scoreboarding on a Mcro- processor Chipt-by David Budde, et al., granted

on January 2, 1990 and assigned to Intel Corporation, there is de- scribed
apparatus for nininizing.idle tinme mhen executing an instruction streamin

a pi pel i ned ni REGLPTEE 0, € E L -CY¥CLE OPERA=-
m croinstruction is placed THONS NN Y| FEPELNED MICKOFROEESFORE! 0i Nstructi on
valid line is asserted. Wien a [oad m croinstruction is decoded, a read

operation is sent to a bus control |ogic, the destination reglster S
mar ked as busyreehfliex@criiedd proceeds to the next current

Current | net r (PP oRe 85ABEe LBYeBkRLn §31ASsE "Frr effR PRoB8rt it S 8Nt e  on
of a previous and worecpavticuleriyr kongpparatyssforseytendingsthe ocapa-
term "scoreboa é@%ﬂﬁxaof scételbata 8 gtghincﬂrEégasﬂéfrflﬂétiHCall mu?ﬁiﬁi@”

proceeds prOVI its source an esti nati regl sters ar e
marked "busy"c€¥cle opexpkdppssyh eE‘hE"RFBFéFHsPPu&PFgﬁ"GSFPB PFﬁEa’Ps na

unasserted i mpdpelthgdamieroprdeessari.ent mncroinstruction appears on
the mcroinstruction bus. The current mcroinstruction thereby
canchjed nust then be reissued. Wen data is

Background Art

In US patent 4,891,753 "Register Scoreboarding on a Micro-
processor Chip" by David Budde, et al., granted on January
2, 1990 and assigned to Intel Corporation, there is de-
scribed apparatus for minimizing idle time when executing an
instruction stream in a pipelined microprocessor by using a
scorekoarding technique. A microinstruction is placed on a
microinstruction bus and a microinstruction valid line is
. asserted. When a load microinstruction is decoded, a read
operation is sent to a bus control logic, the destination
register is marked as busy, and execution proceeds to the
next current microinstruction. The marking provides an in-
_ . dication es'to whether a current instruction can be executed
without interfering with the completion of a previous in-~
struction. The marking of registers gives rise to the term
_ "scoreboafding".: Execution of the current microinstruc-



returned as the result of a read operation, the destination
registers are marked as "not busy". It -is an object of this invention to
extend this prior scoreboarding technique to enconpass all multiple cycle
operations in addition to the load instruction. Brief Description of the

| nvention According to the present invention there is provided a methodd n
a data processor connected to a main nmenmory and a mcroinstruction bus
for carrying a current mcroinstruction, sai d current o

m croi nstruction including source oper @2n@ds, sai d data processor including a

registerg Qahaéﬁbg{ggéisseﬁlﬂgjué g_hgltl t%SOfs%‘g’?‘ldg;%@y al"?’gﬁ%é’? I ncl udi ng

busy bits ass Cach regrst er pr ocessor
i ncl udi n§egirgrEscy @re copPbcepavkedand'usn't ;- cycl etperwdseor sthé he nethod

- conpri S'ﬁﬂckbithQB&t@.ﬁn Avalidl iMidy iss%sé%eélqgﬁnéﬁ%éj{gﬁ state

to si gnal current. mcyoinstruction on sal mcroin tion bus

at i d
is valid® % Bvi PELATHr rdb i SFeIRSRr UGt ton r apPeaTrs m@thi kheyus duri ng
a first mhasemstaui:tﬁoh chask cycl-gheC curréadi mcﬁﬁr{gtﬁm{f@n oper ands

t dur ng_a .Seco e of ald first clock
ycI Zal %ﬁg*éﬁg | n%re?;. ?t lfﬁ”g #’ glrelﬁféﬁegjer gaﬁﬁﬁdgﬂ 1% ai d
sour ce opekunuedt oasxedinee msnldur refit a reéadni operattion;t i dihie E.
driving &és€155995n|raﬁlsﬁe§ss Qnﬁa§k%he @UthQ .ﬁecond phase of said

first clock cyc e upon-the con§|t|on t any one ald regi sters needed
by - :
It is an object of this _:anentlon to exter_rd this prior

scoreboarding technique to encompass all multiple cyecle . U
operations in addition to the load instruction. '

Brief Description of the Invention |

According to the pres‘ent _inverition _ tr__iere_.: is’ pros;ided ‘a

method in a data processor oonneqted-_ to a .nltain' memory

and a microinstruction  bus for carrying -a' current
microinstruction, _ said current . m1cr01nstruct:|.on
including source operands, said data. processor 1nclud1ng

a reglster array comprised of a plurallty of reglsters ;

said array including busy bJ.ts assocn.ated w1th each-
register in said. array, sa1d data processor 1nc1ud1ng

single cycle coprocessors and multl—cycle processors, -’
the method comprising the steps of:

A. driving a Scbok 11ne (102) to a. flrst state :
to signal that said current m1cro:.nstructlon on said
microinstruction bus is val:L_d;

| 'B. driving information from said array on a -
machine bus during a first phase of a first clock cycle;

C. reading said source operands. of saiad

' current microinstruction during a second phase of said
first clock cycle; _ '

D. checking said busy bits of all registers
needed by said source operands to execute said current



said mcroinstruction is marked busy or a single cycle coprocessor or a

multi-cycle processor used by a current ‘register type of
m croi nstructien on -said mcroinstruction bus is unavailable for a
regi st€® executi on operation; F: reissuing said current

m croimsgtruction during a clock cycle subsequent to said first clock cycle
upon the condition that said Scbok line is driven to said second state.
Description of the Drawings The foregoing and other objects,

features, and advantages of the inventipn will be apparent fromthe
follomnng more particular description of a preferred enbodi ment of the
invention as illustrated in the acconpanying dr awi ngs. -4- FIGURE 1 is a

functional blprdr-&inrgtpareiofach of the maj or conponents of the -
m croprocessor in whigch th Lnyentlo qnq%d#gd FIGURE 2 is_a nore

detai | ed bl ock di agr afit of ﬁév+%§|§ﬁ Be EPokesecopicsiate s a
timng di agr abaringceatlosedong phasat |<xfnasa/xld hf 1especlotr t&eleeg:pﬁrer

to the execarith carpiEinl Gal AR oRE06E E Y HeOL Blg *Batiehl i > nec!
t he register gaid mﬁczp@uagrgctgpnpasr anarhgdthasyc@retmasdnggeopmcare
tions. DESCR'@J;&%&ESJ#%PREF g-@@ W@s%&eﬁébagbs}ow RirElerdRE 1,

the m croprocessor Is Ioglca |y subdivided into five major units: the
Mul ti pl y/ Di vikRIisker type of nicroinstruction on said

microinstruction bus is wunavailable for a register

, execution operation;

s ' F: reissuing said current microinstruction
during a clock cycle subsequent to éaid first clock
cycle upon the condition that said Scbok line is driven
to said second state.

Description of the Drawings

The foregoing and other ©objects, features, and
advantages of the invention will be apparent from the
following more particular descriptioh of a preferred
embodiment of the invention as illustrated in the
accompanying drawings.



(2), the Execution Unit (4), the register file (6),- the In- struction
Decoder (8), and the Menory Interface Unit (9). Each of the units is
“described briefly below. Instruction Decoder (8) The Instruction Decoder
(8) includes an Instruction Cache, instruction sequencer (IS), and ROV..
(I-Cache). The I-cache provides the Instruction Sequencer with » .LA
instructions every cycle. It contains a 2-way set-associative instruction
cache and a mcrocode ROM' The |- he and ROM are essen- tially one
structure. The ROMis an always-hit portion of the cache This allows it

to share e }ﬁggq [ Sty olunn Ilnes I n
the array. he I-(,fagér#é tl%? Sjrda\lll\or Lbcéﬂ gﬁ %s‘)fc:epa & of g four
wor ds per COMROnents Rf (the rmmrcém Migich Itthmventhm ics stently
suppl i es embRaidaf our words per clock regardless of the alignnent of the

instruction address. The |-Cache al so contains the external fetch handling
| ogic that is used when an instruction fetch.m sses the |-Cache. The

| nstructi G‘rIGSRmehcts g InfHred elutad eidh dlictdo | ixgyam lof 'the tradiigt@r Wor ds
fromthe lgyg ) Ide (ﬁybd¥§x¥keaﬂd I ssue.up to three instructions per

cl ock but |t ca never ‘Issue ‘Hore than four instructions:i-n two clocks. The
| S detects dependenci es bet ween 't he i nstructi.ons and issues as nany in-

SUTUCti ONPIRURE ¥k P 19K LB IF RS RAS SR AN |t @l S0

vectors int,g_m crocode .f t he few i n- structions that de and
also to hHS%HaF%ﬁRﬁqﬁj %; q%ﬁi Hddi®st er File (6) The register file
(RF) has 16 | ocal and 16 gl obal reglsters It has a snall nunber of scratch

reg'Stersff&ﬂké”HBQén%rgiming diagram of scoreboarding operations _L)
with respect to the execution unit"and,“

FIGURE 5 is a flow chart of the logic within the register
file of FIGURE 2 for performing the scoreboarding opera-
tions. '

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to ?IGURE'I, the microproCessor is logically
subdivided into five major units: the Multiply/Div1de unit
(2), the Execution Unit (4), the register file (6), the In-
struction Decoder (8), and the Memory Interface ‘Unit (9).

Each of the units is described briefly below. -’

Instruction Decoder (8)

The Instruction Decoder (8) includes an Instruction Cache,
1nstruction sequencer (IS), and ROM (I-Cache). The I-cache
provides the Instruction Sequencer with instructions every
‘cycle. It contains a 2-way set-associative instruction
cache and a microcode ROM. The I-Cache and ROM are essen-
tially one structure. The ROM is an always-hit“portion of
the cache. This allows it to share the same logic as the
instruction cache - even the column lines in the array. The
I-Cache is four_words_wide and is capable of'supplYing four
words per clock to the Instruction Sequencer (IS). It con-
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crocode. It also creates the 32 literals (0- 31 Constants) specified by the
architecture. The RF has 4 independent read ports and 2 independent wite
ports to support the ma- chine parallelism It also checks and maintains
the reghs- ter scoreboarding logic. Execution Unit (EU-12) The EU perforns
all the/sinple integer and ordinal opera- tions of the mcroprocessor in
which the present invention is enbodi ed=5Al| operations take a single
cycle. It has a 32-bit carry | ook- ahead adder, a boolean logic unit, a 32-
bit barrel shifter, nd condition code | ogic. NUItlpIy Di vi de
Uni t(NDU-10) eS8 DE PopmbL e SHkne o /479K Mt dm 195 G1ock Kepardiass
mai nger and anI?@mIfqmmm df tiee fivigErwat forbidddisess) 0Ckhenli-idgdhe and
al bit-per-c | Vi ti £ 6 4 ck thr ut d5

cl ock | atency %c’a %%ﬁ%ﬁaﬁﬂ%%ﬁd‘h&i ﬁ%ﬁ@h&hﬁﬁiﬁﬁ%?%%‘gﬁ%ﬁ .aeichfsed
Menory | nt er f asthemian (dnsthinctiomrfetich cuisses (khe I-Qached udes an Address
Generation Unit (AGQJ) and a Local Register Cache (LRC). The AGQU does the
effective address calculations in parallel with the in- teger execution
unit. It perf@hs Ingtrugtien rSequencer- (I kdecodes the qing fanr dno
does tlhe Eddr ﬁ%ﬁ%ﬁ)&’éﬁ w%td’élsfi‘:&ﬁ ﬁmdﬁ?@é@hél Orfﬁ caﬂ(xj deé”&fdélda'i?? bidsue
carry-| ook- ahead ,adder and, a in fr er to do
prescaling for YRt é"éﬁ% ﬁﬁ%ér ‘&%.%’&% q‘ﬁh"e c%ﬂ“ Ry s%’ﬁ:he
(LRC) maintai nsnere;twtno_founlinqﬂtmdﬂm ci th oted ckocks er e SIS detectd
call the 16 1o LSLEr r f egl 4| -
fo the LRC.  TRePAFFentiLe Belhieh NS MACACE IR Wnd A RIEL dd Wiy in
structions as it can per clock. The IS directly executes
branches. It also vectors into microcode for the few in-
structions that need microcode and also to handle interrupts

and faults.

1
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Register File (6)

The register file (RF) has 16 local and 16 global registers.
"It has a small number of scratch registers used only by mi-
crocode. It also creates the 32 literals (0 - 31 constants)
specified by the architecture. The RF has 4 independent
read'ports and 2 independent writo ports to_support the ma-
‘chine parallelism. It also checks and maintains the regis-
ter scoreboarding logic.

Execution Unit (EU-12) _
_ The EU performs all the simple integer and ordinal opera-
. ~ tions of the microprocessor in which the present invention
is embodied. All operations take a single cycle. It has a
B 32-bit carry-look-ahead adder, a boolean logic unit, a 32-
bit ‘barrel shifter, a comparator, and condition code logic.

Multiply-Divide Unit (MDU-IO)

The MDU performs the integer/ordinal multiply, divide, re-
_‘maindert and modulo operations. It performs an 8-bit-per

éiock'multiply and a 1 bit~per-clock divide. A multiply has



the called procedure. On a return the 16 words are. trans- ferred back
into the RF to the calling procedure. The LRC uses a single ported RAM cel

that is nuch smaller than the 6-ported RF cell. This keeps the RF small
and-fast so it can operate at a high frequency while allow ng 8+ sets of
| ocal registers to be cached on-chi Wth this LRC the call and retugm

i nstructions take 4 cl ocks. | nst ruc |on Set The instruction set of the-
m croprocessor is simlar in de- sign to those of RI SC (reduced

:”St{ECt'g”ciﬁkaQﬂﬁ$I gﬁﬁanﬁhB“%ﬁockAhbtbﬂéyrHSB'Q”&i@ﬁa§3ﬁa?'§$ in q
ength and_mnu a on wor ndaries, “and only |l oad,. store, an
branchlngcﬂﬁgiwﬁﬁ %¥§%éméh 38 ﬁ%ﬁﬁ&y E&PPCXthers refer- ence registers
| ocated on the chip). Since the nost-often used instructions are execut ed

in one cyg1 %qfwﬁé{m%%{%% %ci(&dg(%s'i s also done in one cycle, and, via

plpellnlng, € proces to sustain an instruction-per-cycle pro-
cessing r¥he Memory -InkenfacesUnis (s ingludescarEBdfizesst Gewerakion

_SpeC' fi esu?ﬁto%féiﬁ HHa tahrlﬁ{éarle@ie"gti%rt%/rl Ha%%' F(Lizb)e Tﬂ'&ehﬁb agerseg-
isters, or_a constant value in the ran%i -31). Th R format i or a

e
set of cotpe &IfeeLive,address calania arglied wdkb &hgr ARch and
call inst mgtexorace&hﬁd\:EMn‘m:r.rmu& Per foring m d0ddseFredtiverdati ons. T_he

formats are shown e REG T cqQde - src/fdst s

opcode - Vtions (: g%gAan%o a(l dsoes %?l a(dliirress co!{\pm%a-2

5 COBR Fmﬂbhsnmnmlelomjmﬁ ]stcams.cen hrds a 3a|-b|iltacatmyt -look-
ahead adder and a shifter in front of the adder to do the

prescaling for the scaled index addressing modes. o ;J

The Local Register Cache (LRC) maintains a stack of multiple
16-word local register sets. On each call the 16 local reg-
isters are transferred from the register file (RF) to the
LRC. This allocates the 16 local registers in the RF for
the called procedure. On a return the 16 words are trans-
ferred back 1nto the RF to the calling procedure. The LRC
uses a single ported RAM cell that is much smaller than the
6-ported RF cell. - This keeps the RF small and fast s0 1t
can operate at a_high_freguency_while allowing 8+ sets of
local registers to be cached on4chip. With this LRC the
call and return instructions take 4 clocks.

Instruction Set _

The instruction set of the microprocessor is similar in de-
sign to those of RISC (reduced instruction-set computer) ma-
chines. a1l instructions are 32—bits in length and must be
aligned on word boundaries, and only load store, and
“branching instructions reference memory (all others refer-
ence registers located on the chip) Since the most-often
used 1nstructions are executed in one cycle, instruction
decoding is also done in one cycle, and, via pipelining, al- '
lows the processor to sustain an instruction-per-cycle pro-
cessing rate.



g8 5 5 1 13 CTRL FORMAT opcode

di spl acenent 8 . 24 MEM FORMAT opcode src/ dst
abase nd 0 offset 5 5 1 1 12 The

i nstruetN on set includes conventional instructions such as add, nultiply,
shift,Sand branch. Regi ster Model At any point in tine, thirty-two

32-bit registers and four 80-bit floatlgg_point regi sters are addressabl e
(the 32 registers can also be used to hdld floating-point values). O the
32 registers, 16 are global registers (21) and 16 are |local registers. The
difference is that the 16 gIobaI reg- isters ar e unaf f ect ed when crossing

procedure boundaries (i hey behave |like "normal" registers . in other
archi - tecturelpst béPsFH8°F69§F hayestbes REGe formaky c¥high specifieg an

return instrucgpedae Hhanthréé|kebﬂ%téﬁsyuﬁtetﬁlexQQUqu ohlee ofr 32€Feg-
alil ocates to the,call ed_procedu e

se 16_| ocal I\ St an
on-chip pool FtFEGFs r s &PBS a £h6r39e§§ rrgnpgup-gg §§8|E?§
depl eted, the formatsds tnmoaaSetabEycbnphke-andbbraachegnsttuc&ébnby The
Laking One T eOCTRE! c3¢hal"2aTeTRC Rl 2haCRal1CnRERGER AL InATNERD N0
contents of th register h
proce- dure's foyme asetfamelsaﬂeenﬂnstngefdmstrystﬁones ofThehformats
procedure's staglke Ehownm belgory. The return instruction causes the
current local register set to be freed (for use by a subsequent call).
This mechanismis called the stack frame cache (23) and is nore fully

described in US patent _ REG FORMAT
-~ . )
| opcode |src/dst|source_. 2|m3|m2|m1| opcode |xxx|source 1 |
8 5 5 1 1 1l 4 2 5
COBR FORMAT
| opcode | source_1 | source_2 | m1 | displacement |
g 5 5 1 13
CTRL F ORMAT
U | opcode | displacement ' l
8 | | 24
- . MEM FORMAT
| opcode |src/dst| abase |[md| o| offset |

8 5 5 11 12

;The instruction set includes conventional instructions such
! as add, multiply, shift, and branch.



4,811,208 of Meyers et al., entitled "Stack Frane Cache on a

M cr oprocessor Chip" granted on March 7, 1989, and as- signed to Intel
Corporation, the assignee of the present in- vention. Register
Scoreboarding The circuit of FIGURE 1 is driven by a clock having a two
non- over |l appi ng cl ock phase design such as the clock de- scribed in US_
patent 4,816, 700. Four clocks, PHg=-PHLI, PH2, PH2l, are distributed I'n
the chip. PHL and PH2 are traditional NMOS non-ovérl apping clocks with
equal dut cl es PHLl and PH2l are the PMOS anal ogs to PH1L and PH2 and
-9- are e%&&gsWeP’sﬂd&is of PHL and PH2 respectively. Succes- sive PHL and

EHZ asserélFnsAkohmwapmrnm?dncFﬂme@vth?reyefﬁczbe-ﬁagl&@qﬁéﬁére aha

egi ster Eile gca nt a ata r and

M cr opr oc ES¥Er %%T'h’ ft&’@&‘b’@é‘ thé'?ggsf'&&ﬁ/ ﬁ&?@ &%r‘g’]‘ 2P2 dat a
oper ands tegdistdingy care-alscabef wset ¢o hegdsifdloact;ielga-tmha)ntasmimest)ed with a
program n | T FNS t he
macrocodgb%tan tr% ?r}gfé)é(#ﬁw S|S§I thhR%ﬁer giiog’{sér sr}e %tlg%f (tﬁ\)l (?es a6h| gh

per f or nand@cadt aeEtars + h@he ddfifer e@'@ﬁs télemJlﬁt |91[S{hﬁ1eé’e§ccess
Struct ur e j stldr@vai® funye feten Qméri \&o\yfslitr@s r.Q> e@achl ne

cycle on di,f- fer nt re i sters. dut If|| regls-
ter accesdds® (iﬂ'g‘reol é’quﬁ\a\ﬂ“ ﬁ‘i}l Lﬂflci‘ezf '( 1)
creates 32:ddtt\ﬂ:re§)s, fl:mt ttttie Useadf ey soeagy aneera/fﬂectedo;cydg-rearumrl (2)

performs gm%g_x ds and st ores. performs zero and sign
ext ensi on o byte and’'s or‘l&fidn

ey

When a call instruction is executed, the processor allocates &/

to the called procedure a new set of 16 local registers from

an on-chip pool of register sets. If the processor's four-

set pool is depleted, the processor_automatically reallo-

cates a register set by taking one register set associated

with an earlier procedure and saving the contents of that |

register set in memory. The contents of" the earlier proce-

dure's register set are saved 1n the first 16 words of that

procedure's stack frame in memory. The return instruction

causes the current local register set to be freed (for use

by a subsequent call). This mechanism is called the stack

frame cache (23) and is more fully described in US patent

4,811,208 of Meyers et al., entitled “Stack Frame Cache on

a Microprocessor Chip“ granted oh March 7, 1989, and as- '

signed to Intel Corporation, the assignee of the present in-
. vention.

: Register Scoreboarding _
The circuit of FIGURE 1 is driven by a clock having a two
non-overlapping clock phase des.ign such as the c_l_ock de-
scribed in US patent 4,816,700. Four clocks, PH1, PH1I,
PH2, PH2I, are distributed in the-_chip._- 'PH_l_._a__nd PH2 are
traditional NMOS n'on-over_lapp_ing.;clocks..wi_t_h equal duty cy-
cles. PH1I and PH2I are the PMOS analogs to PH1 and PH2 and
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| dads. (3) checks and reports Integer Overflow (10OV) faults on byte and
short word integer stores. (4) nmaintains register integrity through the use
of a scoreboard bit attached to each register. (5) incorporates a bypass
structeye that drives the correct source data froman inmrediately previous
writeyresul’'t to guarantee the nost recent data is utilized. Referring now
to FIGURE 2, the Register File consists of six nmajor |ogic blocks: The
Load/ Store Alignnent (10, 12), the Bas& x (14), the Load Bypass 16 ), the
Ram Array (18), the Destination Bypass (24), and the Srcl/Src2 Mixes (26).

-10- The table | shows, t i sfer v SePlD- ' b
o e raalE qrﬁeﬁgé\egri'é\ééfgiéﬁg of SbufNghd i3 ééégggggt%g;yg - jBacded- by
Frane Regi st ersive RFHR18nd PH2 assertionsforr& BECEPEBSLeRegi sters
SE;&&?X . 001XXXX 32 Literals 0..31 '

_ 32 Speci al Function SFO $SF31 1OXXXXX 32 Scratch
Regi sters SO ®verview of the Regi&?ﬁRXRiBBecial Functi on Regi sters (SFR)

?ggigot [?f;??rgfgﬂﬁéﬂﬁt%berffei?RB?egflehfbﬂ?ca!efbmnhdfbr ah2 datar nal
are creat ed us?ﬂﬁr?ﬂgsrgﬂigﬁﬁrﬁaﬁénggcggs?ﬁé F?b%r§F8§EBSQSSTEE§L5$§r§Ft
creation | ogi CLORDZS8POREnetchitektnren ahd eauaAppgyandgidezpéaning spe-
descr | P10, BhbD, F6nBEIBH: Rk LUhSHCogeFRIaly Abkasiakin vaen! aiprogtis
.. must at one time or another resgde gn the RF. The RF con-
' tains the macrocode and microcode visible RAM registers.

e The RF provides a higﬁ performance interface to these regis-
ters through é_multi-ported-adcess structure, allowing four
reads and two writes to occur the same machine cycle on dif-
ferent registers.. Along with the duty of fulfilling regis-
ter accesses, the RF is responsible for the following func-

tions:

(1) creates 32 literals for the use of the programmer/ mi-
croprogrammer.

(2) performs partial alignment of loads and stores.
performs zero and sign extension of byte and short worad

loads.
_ _ (3) checks and reports Integer Overflow (IOV) faults on
L byte and short word integer stores.

(4) maintains register integrity through the use of a
scoreboard bit attached to each register.

° (5) incorporates a bypass structure that drives the correct
source data from an immediately previous write result to
guarantee. the most recent data is utilized.

Referring'now to FIGURE 2, the Régister File consists of six
hajof lbgic blocks: ' _ '
The Load/Store Alignment (10, 12), the Base Mux (14), the
‘Load Bypass 16 ), the Ram Array (18), the Destination Bypass
(24), and the Srcl/Src2 Muxes (26). '



are never directly seen by the macro |level progranmmer. In the present
enbodi nent, four of the 32 possible registers are provided, bringing the
total register count to 36 (16 global + 16 frane + 4 scratch). There are 4
reads possible : Store, Base,Srcl and Src2. Simlarly there are 2 wites
possi bl e: Load and Destina- tion. The entire data path including the j
actual ramarray .(18), is structurdd-into a 4 word X 32 bits/word 128-bit .
wi de path, arranged with word bits grouped together (Word 3 bit 31, Wrd 2
bit 31,Wrd 1 bit 31, etc.). This arrangenent provides advantages in both
ram cel | Whet Fadilee hrshawssdhst regigheonses: andadheds addresses suprce the
bot h reglgbe%éau$ YRR )REYpes of instructions are allowed to execute in

t he same cycle, si'x possible register requests could be executing. Thus, a
6-port register file design is required to correctly inplenent these
paraIIeI functions. OF course, a neqmgug_ﬂgnust eX|st that prevents the
col i si Onl§0f Edateg; ié!gce witing the same regigs - ; 'etgsol e sources
coul d be 0 protect -agai.nst. this - prevent data
from bei ng,Gr FraneiRegisters pRISRYSy witten, the IO ORI register

- scor eboar g g‘gm@ igmg old(pwlrsg exanpl e: LD (@ixﬁlx This |oads 1
wor d |nto g;u]'3| ng (%é% base address. ‘ADD Gl, Thi s adds Gl

and G2, pl 3& #gi-ﬁﬁl‘@*%sult |n 'GP Ble Load in this e% ’ﬁses Gl as the
destinati gp specidp lﬂeﬁéti‘mﬂ eSFO-8F3ADD uses GL as TXXXXRN t hout regi ster

scor eboar the 0, sendi ng the. fromG to the
Menory Ing%%f 5# ﬁqﬂtﬁ aﬁﬁgggﬁnl ndl y : af%&iﬁ?& _

Special Function Registers (SFR) are not resident inside the W
Register File, but are found in the external logic._ Liter-
als do not actually reSide in registers inSide the RF, but
are created using the register address of the literal value.
The Literal creation logic is explained further in the Ram
Array logic block description.

Up to 32 scratch registers may be physically created in the
RF. The scratch registers are only seen by microcode, and
are never directly seen by the macro level programmer. In
the present embodiment, four of the 32 pos51b1e registers
are provided bringing the total register count to 36 (16
global + 16 frame + 4 scratch). | o o _ T

_There are 4 reads possibie : _store;'Base,Srcl_and Src2.
similarly there are 2 writes possible: Load and Destina-
tion. -

The entire data path including the actual ram arra§ (18), is
.structured into a 4 word X 32 bits/word 128-bit Wlde path,
arranged with word bits grouped together (Word 3 bit 31,Word
2. bit 31,Word 1 bit 31, etc.). This arrangement proVides
advantages in both ram cell width size and ease of alignment
of Load/store data.
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use Gl for Srcl and place the result, though incorrect, into G3. To avoid
erroneous results, the Add is held up until the data can be returned from
the Menory Interface. The nethod used by the RF is to include a scoreboard
bi t (2¥7~aSSOCIated Wi th each register in the array (19) that is checked at
t he beg¥hni ng of every instruction, assuring that valid data is al ways
used. Seeing that its operands and desti#idt+on are not in use, the RF sets
the scoreboard (Sch) bits associated with the destination register(s), and
allows the instruction to conplete. In the above exanple, the Load is

i ssued by the i&incecthenbothuzeadsterspnd memeryhsypes(of, inatrretipnskere

GO and Gl's scbahh b%:edt 'i% %&Q@%‘tel\/&@%ﬁ@s&a@ob¥biekeQ’ir?ﬁg éiﬁﬁe §'E§ %'IE%r

Base (50) is sent to ‘ I nterface SO | ssue
the 1S. The RF Eﬁ&@l&stﬁcezﬂén ecgxefuting: b@hﬁ@:fauﬁdPPBtb§ese§§erTﬁé RF

then asserts Schgelsigh)3de hreguired eot ba&rb@tubexinﬁlemen&thébét phhanel
necessary resources re not vai | abl e, _and

3 (- L€ 283% blgvenD
The 1S keeps refSOGHEH WEER ¢t Re MG &Q&éPtFHS 8§6§ 2; PEﬁy& Bl
the Load com pthaecqmiisﬂmm'oﬁbﬂa&aarﬁﬂMCB uti&dngtehemsamectegsstbeateﬂm

| 1 owi ng the ADp b

?eagrgggandemﬁi |%Sﬂﬁygﬂﬁaﬁiﬁffagbggﬁghéh%B%wgtEQ as?g ﬁ*gkﬁg%éégﬁeg ard
bits. In the ab&hé%xmbelewhe@o&a Preyent ﬂéﬁ'—ér ﬁe'emabséngaﬁeafl bgiforgr jt
nunber of cyclegsg Mptzufyathtﬂt%esﬂ,gwe Inivvaisle@ (2 tbi’ aedeebodrding.

i ndi cating that valiJd, data is a bus Regi sters in the

Ram Array are rge?d’ﬁi% 5%%53‘1\% n%"r? o V\hen the Load data is

witgen into the register file, the follow ng occurs. In g (Pipe Stage

00 Fse 2). 1Ng7ei@Eo! P i s el D BHEuBtYy oo as the;
base address.

ADD Gl, G2, G3; This adds Gl and G2,placing the result in
G3. B

The Load in this example uses Gl as the destination, and the
next cycle, the ADD uses Gl as Srcl. Without register
scoreboarding, the Load would execute, sending the address
- from GO to the Memory Interface (9). The Add would blindly

use Gl for Srcl and place the result, though incorrect, into
G3. To avoid erroneous results, the Add is held up until
the data can be returned from the Memory Interface. The

W - method used by the RF is to include a scoreboard bit (21)
associated with each register in the array (19) that is
checked at the beginning of every instruction, assuring that

- valid data is always used. Seeing that its operands and

destination are not in use, the RF sets the scoreboard (Scb)
bits associated with the destination tegiste;(s), and allows
the instruction to complete. 1In the above example, the Load
is issued b§ the instruction sequencer (IS) within the ID
(8), the RF checks GO and Gl's scb bits, the signal MemScbOK"
(200) is kept asserted, and the Base (50) is sent to the
Memory Interface (9). The ADD is also issued by the IS.
The RF checks G1,G2 and G3, with Gl being found to be busy.
The RF then asserts Scbok (102) low, indicating to the 1S



with the ones witten just following in gll. Since 0's can- not overwite’
1's in this inplenmentation, the registers to be witten nust be cl eared
just previous to the actual wit- ing of the data. The Add instructions
destination register is not score- boarded. All EU type of instructions
are not scoreboarded by the Register File. There are certain types of».JEU

I n- structions, nanely Conpare instl@dctions, that do not return a

- destination to the RF, thus causing problens for the scoreboarding clearing
mechani sm The Register File could go through the process of decoding all
types of tbatpihe inecessaryt imesnuroes e nofte avpddiadl ecasndithadt it

scor eboagi,ng ¢ 2‘% q%a‘tél 3l by eglﬁ{ﬁerlss%%;,fsl ggilsg E.%e i Mﬁj ion field.

However, SI nce nstructions a ecut N there is

no need Wathcdher&F @sseadd ﬂ%ﬁ%l@r&é dov- “Ptrjr&t ithe 1QA% QR the data
will be pgates end thel lseurebodid fh!ﬁi lﬁ%ddl&teae@‘ilﬁlﬁtlt hﬁs RE¥ddrad ar

| St I,ts d f EU
st r uct Péﬂg A0 AP0 ¥ inkeere " OTASHRET e FROUE S AP ( ne
previ oustéxdmglse fdma'elanﬁdngjami lvsriteitng e muqmtﬁayt, isndathexdtkingw i tt en

into they I v\l Add instruction from being del ayed
one cycle vvaltlng h'(tyhsc(?}%a to'ge V\h/%tten into the ram and then read

out again, the RF bypasses the returning Load data onto the Srcl bus .during
qQ2. Thelho%ﬁnéj%tﬁwé e¥anid 1R, Ahe!AkHa idhtd lis Fethithddl th @c W arn the

o Bl et 18 Toenr Npt, Dnats e slaihad dppsatad™ O o) 291°,
Al'ignnent(104) is asserted, indicating that valid data is on the 1d- ;J

pData bus (106).  Registers in the Ram Array are read in

Ph2, and written in Phl. When the Load data is written into

the register file, the following occurs. . In g02 (Pipe Stage

0, Phase 2), the zeros of the data are written into the RAM,

with the ones written just following'in gqll. Since 0's can-~

not overwrite 1's in this implementation, the registers to

be written must be cleared just previous to the acéual writ-

ing of the data.

‘The Add instructions' destination register is not score- i
_boafded;' All EU type of instructions are not. scoreboarded | \J
by the Register File. There are certain types of EU in-
structions, namely Compare instructions, that do not return
. ‘a destination to the RF, thus causing problems for the

'~ scoreboarding clearing mechanism. The Register File could
gb'through the process of decoding all types of Compare in-
$tructions, and make the special case of not scoreboarding
the destination register specified.in'the.instruction field.
"However, since all EU instrﬁctidns always execute in one cy-
cle, there is no need to scoreboard these instruction's des-
tination registers; the data will be ready for a following
instruction that requires the'particulﬁr-register for its



5

THe Load and Store Alignnent |ogic block (10, 12) arranges the data
destined for the Menory Interface (in t-he Load case) and prepares the data
comng fromthe Menory Interface to be entered into the Ram Array (in the
Store .ease). Since the procedure is alnost identical for both cases with
just the dirrection reversed, the Load alignnment process only is described.
Load data returning fromthe Menory Inggﬁ%ace I's arranged such that it has
been word aligned to the least signific word (LSW, which is Wrd 0. For
exanple, a word returning fromwWwrd2 in a 4 word nmenory block is shifted to

Wor dO be- fore A #é%?% ﬁyﬁa i bl S - hes
data path is %tolrutlf&%r ?ﬁ?%%hw { d,; |t59evxor'rc-i pﬁat v&?hﬁr&ﬁﬁﬁ‘gﬁ?’%
grouped t oget H&r nddiimadix I ks tofthrOpagde fiekhes etc.), the LdData
and Stdata busses also are struc- tured this way. Thus, a word shift to

10T L B8, el L A 08 el
The  NBor Y. | ntar faeee s For fam Do ot b b Cota e LT o BTl he

16°(0-15)” byt SN T AUE [ nft Epcfuol Fpf BEIS el 445 Sufls,

| nt erface wouwaitting fioxthéidata tdde Siyitkenvink®d theugam; hendytkenoul d
still be in Dijead-cut 4 _iﬁl;?\e_sﬁﬁpbr#é?sﬁs Lol P#:e LE84 Ca@t&Cénto

does is correctly byte align the inco -data to_t eas S|gn|f|- cang
byte (LSB). TR SERt PYsAvEing 482e i The er3dtdata nip Maritten A8 wswptd -
quantity. The i ol crae nebet hdd éxecutés fMypene Evel d which is returned a

phase earlier than the data. The following table shows the bit format and
t heiy

RF Logic block Descriptions _
The RF (6) is divided into six major logic blocks, which
will now be described with reference to FIGURE 2..

Load/Store Alignment

The Load and Store Alignment logic block (10, 12) arranges
the data destined for the Memory Interface (in the Load

case) and prepares the data coming from the Memory Interface
to beé entered into the Ram Array (in the Store case). Since .
the procedure is almost jdentical for both cases with just

s the direction reversed, the Load alignment process only is
described.
- Load data returning from the Memory Interface is arranged

such that it has been word aligned to the least sighificant
word (LSW), which is Word 0. For example, a word returning
from Word2 in a 4 word memory block is shifted to Wordo be-
fore it is placed on the LdData bus. Note that just as the
RF data path is structured as a 4 Word X 32 bits/word path
with word bits grouped together (all bit zeros together, all
bit ones,etc.), the LdData and Stdata busses also are struc-
tured this way. Thus, a word shift to Wordo is simply a
multiplexing process in each bit cell. Since only partial



meani ngs for the Typeln field. TABLE | Type of Load Data

Typeln(3:0) Byte with Zero extension - 0000 Byte with Sign

ext ensi on 1000 Short with Zero extension 0001 Short

wi th Sign-extension 1001 Wword X010
Long Word . .1X011 Extended Word - ‘ ;)
X100 Quad Word X110 Byte aligning the incom ng

data requires a physical noving of the data to the | owest byte, an actual

"Steerlng"w&%dtinaﬁhénﬁeiaeaéhéubﬁrtﬁ@ ﬁ@ﬂoﬂﬁtﬁn@érhaeé t 8@bRgora The

Load/ Store_ al | gnnent use ri-state sses”",, one for byte
cases and Qﬂy%ﬂd?PﬁoﬁﬁPr n8°F85 SASPE RBFdPé%E gxafotﬁneewPﬁg 85Fﬁs§crogs

the data pgédm tﬁbtpoihetotheidwlbfnghefuéhosydlnterbabed bReri exam+y done
by Wor do,

ce_the, word, al t b b h -15 -
Meror y Int%*?acﬁ gyﬁﬁcﬁeBVFb %5 Cﬁ%g rgﬁgngﬁ 28p§§ B Y&control,
such t hat nemqrynblbykewoaiddretarnhdanQrdt.hitSn§-1$he Ebﬂtﬂgmorﬁr this
h d T d d,
%fmgp: ﬁ?‘oi%éf—‘?rhééﬁ yBﬁﬁg‘ Ttgén &&‘ib'ﬂ i:h@ls £8N€nb" 8K BeWibk@bY. though

Menory I nterface, conveys t he byte

- loca- tionthe PHEeoPPQﬂﬁaFtﬁéﬁdbﬁfi@kPéFﬁaP A8mory which is now in Wrdo.

At this pointthe entire data destlned for the: Reg- ister File has been
ForPt he L ahe . B0E8L Rl thehre. Sh8” A1 0 aRe el R R TSR BB 3, 00
not have tOoﬂnebh&yequeraﬂmgmstmd:ﬁﬂmemdagada&autm the least signifi-
cant byte (LSB). . This ‘only has to be done if the returning .
data is a sub-word quantity. The RF determines this from the i_)
Typeln field which is returned a phase earlier than the
data. The following table shows the bit format and their
meanings for the TypeIn field. -

TABLE I
Type of load Data - eIn(3:0
Byte with Zero extension - - 0000
Byte with Sign extension = 1000
Short with Zero extension 0001
Short with- Sign extension 1001
Word _ ' X010 : o~
Long Word X011 - -’
Extended Word X100

. Quad Word ' X110

Byte aligning the incoming data requires a physical. moving
‘of the data to the lowest byte, an actual "steering" of the
~ data perpendicular to. the data ‘path of the RF. The
,Load/store alignment uses two tri-state 8-bit "byte-
busses"; one for ‘byte cases and an additional one for short
word: cases, to move the data across the data path. Note
that the ‘driving of this’ distributed bus is only done by
" Wordo, since the word " alignment has already been done by the



frommenory is a byte or short word, and bit 3 of the Typeln field is zero,
then zero extension nust be perfornmed to pad the rest of the 32 bit word to
be witten to a register. Simlarly,” if data is byte or short word and bit
3 or Typeln is a "1" then sign extension is done. This is sinply forc- ing
the uppeY bi'ts (bits 8-31 for byte bits 16-31 for Short Words) to the val ue
of the sign bit (bit 7 for bytes, bit 151%or Short words). The final step
involved is register -alignnent, which cor- rectly positions the word(s)

into their intended word |loca- tiqns ich will then be jtten into the

e e R T T e
yte or shor es\eg ag el ¢
bit15 for short s;yord) t | | el | | C ' or
t he integer V\o&'&%he t%%%%%ﬁ%&%@%ﬁa%@%ﬂld%a% pgenér;rié;n‘%g %ﬁﬁ&céje

to the bit grofypefmffiekd RMdifiroma mey rbigiche MerhsiisImiA: X equiThis data
path move, is Belhiy i den oy WHd MENsy HadelltoiVdye G Me IYca-

d
these nux'es is ,deriyved fromﬁe Typel n}fsiﬁe'fta representing the, | ength of
nad (e s &

the data and t FdoRy i dthe Qrigd Q exkepngl;m Yuirhich ks noydin
fromthe | ower Wog@di t Afthixe peits) e aslth 1256 . data -ddst ied Eox cthe Reg-

"t eger over! | AREETORLIE 4L i, SORBREELRY, 41drie T A oo P

Overflow is detected by checking the upper bits beyond the |length of the

SE1 %, (ot P S Bln ob d Syl elng (B (0 Al dlalstbenty st

t he upper bits aas@notThigntitAnigee  tw thekoad Alignment Hleaks $Texes he

| OVFM si gnal , adliidt have to do these operations. If the data returning
from memory is a byte or short word, and bit 3 of the Typeln
field is zero, then zero extension must be performed to pad
the rest of the 32 bit word to be written to a register.
Similarly, if data is byte or short word and bit 3 or Typeln
is a "1" then sign extension is done. This is simply forc-
ing the upper bits (bits 8-31 for byte bits 16~31 for Short
Words) to the value of the sign bit (bit 7 for bytes, bit 15
for Short words).

The final step involved is register alignment, which cor-
rectly positions the word(s) into their intended word loca-
AL tions, which will then be written into the Ram Array. Sign
extension is also done at this step if the data type is byte
PR or short word. Sign extension involves extending the value
. of bit7 (or bitl5 for short word) through bit31, which main-
tains the correct sign for the integer word. The task of
'sign extension and word alignment, which due to the bit
grouping of the RF data path arrangement does not require a
data path move, is performed by 4 multiplexers (1 for each
_word) . Control for these mux'es is derived from the Typeln
field representing the length of the data and the type of
extension (sign or zero) for sub-word cases, and from the
- lower two bits of the register address.:



is sent to the Core interface. The external Core interrupt and fault
controller will then handle the fault.- Base Mux The Base Miux (14) contains
a 2-1 nultiplexer that reduces the 64-bit field comng fromthe Ram Array
into a 32-bit Base suitable for the Menory Interface. The base nux is
needed to handle the Ram Array 64-bit Base bus (50). This al so saves &auwba
in the Ram Array which woul d have kad-to further nultiplex the 64-bit val ue
into a 32-bit base. The multiplexer is controlled by bit 0 of the BasAdr
bus, which specifies which word to allow on to_the Base. Load Bypass The

Load Bypasthe 3ters| Aliapment blegk has rehe Aditional ¥esponsidilN a bus
(106) retwni éesk iyt Hﬂdl\/ﬁégbi‘ti einté GEE &\ﬂarms@ {Tevy agdwitss ok goi ng

Prgg}uinl sm %‘% %i(?S% pﬁE?BEng'gr oﬁgé ?J'g ’Eﬁaﬁr;]{jl oﬁ éﬁ%‘)ajsgp%g%%cd%
regi st er achiecking theabippebebitgibeyond sthen Jm_ngthobfaths dattaur ni ng are
conpar ed ‘A%%)E,*ége ﬁﬁ!tfﬂg‘igieéh%}:t h%f@#”fé—if’ﬁ'- %gﬂfn%eé’d’fét

mat ch has ass logic places omng In ?ron1the

Load al i grivdb® 258 ald ééﬁn icatttg thesige ik teit 7 foxdykes ikbit.

From t he ppngopf sHb?‘&' %rhb"? Si£ ‘Ené et '®i €at frdasovepdentefcai | Oqnt he
actual Ram Ar- r ésaces can be, detecte t hod of

driving t P¥ofd tIFﬁe§19§a <Py asgeEting ?M% ¥%5F%Ye$ggﬂﬂﬂ(ﬁﬁégéhbe|ng
bypassed hpweséatntol ehreedorer imedrﬂaeéy PTherexbernal uoore i Hete beapy

woul d be. méﬁéﬁ%ﬂ%& bardimet i shéeeh%éﬁﬁefﬁﬁeir‘éit"f he registers

Base Mux A

The Base Mux (14) contains a 2-1 multlplexer that reduces

" the 64-bit field_coming from the Ram Array into a 32-bit
Base suitable for the Memory 'Inter-_fa.ce..- 'The base mux is
needed to'hand1e-the Ram Array 64-bit Base bus (50). This
also saves area in the Ram Array vhich would have had to
further multiplex the 64-bit value into a 32-bit base. The
multiplexer is controlled by bit 0 of the BasAdr bus, which
specifies which word to allow on to the Base.

Load Bypass : -

The Load Bypass logic block (16) contains. the log1c to by-
pass. the IdData bus (106) returning from the Memory Inter- -:;
face (9) onto the various outgoing ports: StDhata (58), Base
(50), Srci (54), and Src2 (56).

The basic mechanism used to perfcrm a Load bypass function
works as follows. The register addresses of all the regis-
ters in which data is returning are compared with the ad-
dresses of the sdurée registers-requested. When a match
has been made, the bypass logic places the data coming in
from the Load alignment logic block directly onto the

- source's ram column lines. From the point of view of the
Src busses, the data has been read from the actual Ram Ar-
ray; no differences can be detected. '



logic is still enabling the ramcells to drive their data. The colum I|ines
are precharged negative true, which neans that zeros in the cell do not
affect the stat:e of the lines: Ram Array The Ram Array | ogic bl ock (18)
contaird the Literal genera- tion logic (19), the Register RamArray with
addr esd~de- ‘coders, and the register scoreboard-.bits (21). The Register
File provides 32 literals, values O through-31, for the use of the
programer/ m croprogranmer. The Literal |ogic which produces these val ues
resides just on top of the Ram Array, with the ramcolum lines traveling

t hrough the section, continuing to the Load Bypass |ogic block (16). Wen a

literal }s rgqueasggmgch@dsw deriyt%@Zt%ew@énw nlipeal _?ls?'b%s%é!gol@ Iash s2S
sources or asS an Lore use), S _corregspondl n regl ster aaddress IS,
pl aces on the SFRSr T&FIEIRTES H@§§ AXRPEANI PYP %ﬁﬁﬁLgaVF &ﬁQNgiﬁﬁQ?QEﬁ?"

t he address of hetidatledy priki0dbhe colihhl1ineshibeinge@rivesent IF 3k were
Literals are cr e i ! "X |  fi.ve hi of _.the r.eqister
S%tr_ Qol}y tHilP %é@e)ﬁ:'rl%?nstggﬁﬁn%%tent\é \ﬁ%: é;ﬁne é:esggins[t 55

address onto the respectiVve sourc nes, ar 0 the
proper |ogic towprddude dwiv@rclonked thec zimmed inkse wipse Xhehi deasfde he

word remain undiby8ies iH A8 1N et 1dHY HHE Tal AN Y WA EHEK data.

negative true. Thi's produces, the zeros needed on the Qpper bits, formng a
32 bit value. TRBeRGRIAMMLINAS;are Prechayged; negahive,dipe e ginich neans
whi ch houses t hehak rztcad e tieddll ide oot tHestate refitdierskines.
I nclude 16 gl obal registers, 16 frame (Il ocal) regi sters, and 4 mcrocode
scratch registers. As nentioned previously, the four registers per row are
arranged wi th | Raam Wdorxhyits grouped together. For exanple, at the far

| ef t™he bits copdiRamafiay Fod NS (1M dSitatms HliLiteral genera-
: tion logic (19), the Register Ram Array with address de-
coders, and the ;ggister scoreboard bits (21).

The Register File provides 32 literals, values 0 through 31,
for the use of the programmer/microprogrammer. The Literal
logic which produces these values resides just on top of the
Ram Array, with the ram column lines traveling through the
section, continuing to the Load Bypass logic block (16).
When a literal is requested as a Srcl or Src2 operand
(literals are not allowed as sources for Base and Store
use), its corresponding "register address" is places on the
A S1Adr or S2Adr busses. Referring to TABLE I, notice that
the the address of literals is 0100000 - 0111111, which rep-
resent 0-31. Literals are created by simply mu'xing the
. lower five bits of the register address onto the respective
source ram column lines, which are sent to the proper logic
to produce the Srcl and Src2 busses. The upper 27 bits of
the word remain undriven, since the column lines are
‘precharged and are negative true. This produces the zeros
needed on the upper bits, forming a 32 bit value.

The Ram Array entails a 9 row X 4 32-bit word register ram,
which houses the 36 registers used by the processor. These
36 registers include 16 global registers, 16 frame (local)



woul d be Wrd3 - bit3l, Wrdl - bit3l, WrdO - bit31, Wrd2 - bit31, and-
then the next bit, Wrd3 - bit30, etc. This can be visualized as all four
regi sters stacked one on top of the other, with LSB's on the--sane end.
This ordering of the words (3-1-0-2) minimzes the RAMcell size. Since
Long Wrds (64-bit), nmust cone onIy fromregis- ter pairs 0 and 1 or irs
2 and 3,--the Dst bus (110), the SR&r bus and the Src2 bus will never drive
or receive data sinultaneously fromwords 3 and 1, or words O and 2. Thus,

t hese port 0 H% € b hared .w.th e Qt her, savi iteh size
of the r%r‘ﬁ%cie%lé 4'%45 r.?c}y‘)g %er }scrfafltcr%@:orggﬁngf'&'bl n%“P é"lcassom
ated wi t Preavivusiy sttdre o 1egisters per rawmeste mte:rangmi md:rt he regul ar °

ram cel | 14 1% BIGLRIi QD d%@é@}{éf On%xf mn@qr | ébor these -
bits because the (destlnatlos--- gtster scor egoar’d - |t must be read at
t he- - sang iR RS cARing ragh s‘?% he Ran dFavd fnam tdefithig aight

= tCEE:[AI-?- Feﬁddlai Bé qvatwat i E, PSFdL mﬂl(bitﬂl: Ew&m aﬁm%ﬁborvtﬁdz tTﬂe -
i ne'. s itio tlonlst cl.ear e r ebo i en t.he

register | ?’Tﬁaﬂg‘l ‘g:/raﬁlﬁ%n%ﬁ)é%?’ﬁuaﬁﬁvn '&fé’é’ stk i ¥ pass

| ogi ¢ bl ean (I:ES)ViﬁamJanzsi tdme al -four trgg:tstdzyqomd}h&i [ete bors topl10)

returning, rtg{gt Q.J q; Q&9 s%pé %é.gd’ue various outgoing ports:
St Data (58), J'Srcl (5‘% O&gn stcag[m(S The Destination bypass

IS Vi rtuaIIy |dent|cal to the Load bypass nechanismwi th sone mninor

di fferengesis ditber DSy Cof suaéttwirdsy (s-tm-sﬁ)l mlnﬂn&'zésl ﬁxgre r@a&téénaihi OBS.---
DyDass Deoe Whnled Il WSLEL S PP SRl Pt RS e ey e O
"'corrparl scher pairs 0 and 1 or pairs 2 and 3,- -the Dst bus (110), the o/
Srcl bus and the Src2 bus w111 never drive or receive data
simultaneously from words 3 and 1, or words o and. 2. Thus,

these ports' coliumn lines can be. shared w1th each other,

saving pitch size of the ram cell.

The Ram Array. stores the scoreboard b1ts which are assoc1-'
ated with each reglster._ The bit cells are almost identical
to the regular ram cell with one-exception. An additional
read port is needed for these bits because the (destination)
register's scoreboard bit must be read. at thensame time as
‘the: source register's scoreboard bit to insure that -destina-
tion updates are performed in the appropriate order. The -
CLEAR line's additional function is to clear the scoreboard
bit when the register is f1na11y written. 'f;

Destination Bypass. o L

The Destination Bypass logic block (26) contains the cir-

‘cuitry to bypass the Dst bus (110) returning from the EU or
REG coprocessors onto the various outgoing ports. StDhata
(58), Base (50), Srcl-(54), and Src2 (56). The Destination
‘bypass is virtually identical_to,the_Load_bypass?ﬁechanism-
with some minor differences. Thef}ogic_is actuaiiy simpler



l ogic has to handle the possibility of four registers being bypassed since
the LdData bus is 128-bits wide. Oher than these differences, the logic is
al nost identical to the Load bypass tircuitry. Srcl and Src2 Muxes The Srcl
and SrcZ~Mixes (26) contain the multiplexers needed to sel ect either one of
the two=word 64-bit source ramdata, or the SFRInBus to drive the 32-bit
operand for the Srcl and Src2 busses. The-[8gic bl ock al so contains the
buffers that drive the SrclH bus, providing a full 64-bit source when
needed. The contr,ol necessqry Hf-nultiplex the three possi- ble sources

into a single word &he B&S ion hynags heqansesiondy (o segdstensy fgn
\#'ht hSt hFH!_dgt I n f;io@shimiy advze wtgi&éém, gs);gi@e Wi hnsa; Puablies _tdmy?h%il-ﬁalt&

e SrclH bus an e Sc2Hi. bys riven without, regard, ;o whet her_ _ar
not the data is rwgq T e?‘rrbyi}??eliﬁ?a%%yﬁ?@%’o-t FELEHE T&Srycomparison
Interfaces The fdidgid mpas So hpgwdrelthe s gibidnitof afhe&ava) aredist=os dedng
signal s that Con?g@iaééb‘a @:ii%gh@e éf fe A Bud A 9 YK ! 'béﬂe@“ﬁan

1.. Menory Inter e Busses | om ng busses carry actua data to. a
fromthe RF. LdDdtheSP BiAferenges,; the\dogir pig almestpddenhicaliteh the Load

turns the infor miypasd roieduieesory Interface (External Menory, Data

Cache, etc.). -20- StData(0:127) This is the 128-bit Store Data bus
whi ch sends infornmation to the Menory Interface. Base(0:31) The Base bus
is the 32-bit basrclddmetSixes Mexesto the Menory Interface specifying the

menory addfess The .Srcl and Src2 Muxes (26) contain the multiplexers needed

&/ to select either one of the two word 64-bit source ram data,

e " or the SFRInBus to drive the 32-bit operand for the Srcl and
Src2 busses. The logic block also contains the buffers that
~drive the SrclHi bus, providing a full 64-bit source when
needed. ' The cohtrol necessary to multiplex the three possi-
ble sources into a single word Src operand is the LSB of the
S1Adr (or S2Adr) along with the 14StIn field which tells the
logic when to enable the SFRInBus. |

The SrclHi bus and the Src2Hi bus are driven without regard
to whether or not the data is required by the EU or REG co-
processors.,

\_ External Interfaces . |
The following is a general description of the major busses
and signals that connect the RF (6) to the other logic '
- blocks shown in FIGURE 1..

Memory Interface Busses
The following busses carry actual data to and from the RF.
LdData(0:127) This is the 128-bit Load Data bus which re-

turns the information from the Memory Interface (External
"Memory, Data Cache, etc.).



of the Load or Store. LdaBus(0:31) This is the 32-bit Load Effective
Address bus sent by the Instruction Sequencer (IS) to be stored in a

regi ster. The foll ow ng busses carry control and regi ster address in-
formation, specifying type and |ocation information about the above data
busses. All register addresses are 7 bits. BasAdr This is the addngjs
of the register to be used to drive2fhe Base bus. LdAdrQut The Load
Address Qut bus is-used in several cases. It |s sent to the RF al ong mnth

t he opcode by the IS specifying the startin Ji ster (i.e. GO on a quad
word ac- E&Pata(® e Bcor ebFridedsothe 138d iﬁs torei Hata busswhish used to
speci fy th@n%Tsarﬂdf&r{aﬁﬁoﬂ &o ithd Memity Gntihgaskelata bus on a Store
instruction. Finally, it contains the address of the register to be
scoreboarded on a LDA (Load Effective Addiess) instruction. LdAdrin Thi s
i s the re@asieq0 @iy esTd Bawe Ih)mllcsr thBAsda—beltr thseniaddirlessbuse Menory

I nterface I re he Core.
TypeQut ( O: %)nt %QT éhé j“%@&"‘% speC| fsg’ ﬁge%gtghh%ﬁg%sgd% sresxt ensi on
“used for gubhmchqmteyséﬁorq¢ is driven by the 1S along with the opcode

and LdAdrQut bus. It is used to determ ne which .registers to scoreboard
(and check) on Loads and_whi ch reglsters to drjve the StData bus on

Stores. apus (Qibth( 0. His is the 32 i~bit dops, Egfective Addressh buspeen
t rapped b)setrhe H‘vjbnmq Ingandctcion m@ueig:e‘:or(nd)e tdabe letdred tiw @& be it
fromthe Bata Gache or external menory. is returned along with the

LdAdr1n pFSI+stEr:
The follow1ng busses carry control and register address in-

formation, specifying type and location information about o/
" the above data_busses.-A11'register-addresses,are 7_bits.

' BasAdr This is the address of the register to be used to
drive the Base bus.

LAAdrout The Load Address Out bus is used in several

cases. It is sent to the RF along with the opcode by the IS
Speqifying?the starting register (i.e. GO on a quad word ac-
cess) to be scoreboarded on a Load instruction. It is also
used to specify the starting register to be sent on the

Stbata bus on a Store instruction. Finally, it contains the
address of the register to be scoreboarded on a LDA (Load ;;
Effective Address) instruction.: '

. LdAdrIn  This is the register address of the Load or LDA
data returning from the Memory Interface or IS. It is
driven when the data is ready to return to the Core.

TypeOout(0:3)  This 4-bit field specifies the length and
type of extension used for sub-word accesses. - It is driven
'by the Isiaiong with the opcode and LdAdrOut bus. It is
used to determine which registers to scoreboard (and check}

on Loads, and which registers to drive the Stbata bus on
Stores. '



LdSt Qut (0: 3) This determ nes which flavor of menory oper- ation is
requested: Load, LDA, Store, or instruction fetch. It is sent along with
the Typeln and, LdAdrin fields. LdStin(0:3) This is the LdStQut field
sent back by the Menory Interface (on |loads) or the I'S (on LDA's). It is
re- turned :along with the Typeln and LdAdrin fields. LdValid Thi s si gnal
driven by the Menory Interface is as- sepfed when valid data is placed on
t he LdData bus. Mentcbok This signal driven by the RF indicates to the

rest of the logic blocks that a register used by the current nenory type
instruction is not free, and that the instruc- tion nust be reissued when

the register is not in use. It is, anal ogﬁ)us to the Scho ig?r}gl deié:ri bed -
bel ow. Regi st eTYREINL O Bussdhisel§ e FRpMk e ld v tR2% Pealy

fromthe RF. Sk@dgpedsy theMerow®y Fnterfdunssasaitimg tfer Ghdidatsokaere-
operand #1 which is senf to the EU and copr.ocesso ' 2 < e
two 32-bit busg'fé’s”?'(ﬁem{'hepmgﬁqe s%%f’%eeg%b r%%aé %Ee%]%huh?%gsgnt :{%hﬁe
EU and coprocexstnernddtaldng Bei o/t BdadrEn ibuses the 64-bit destination

bus whi ch the EU and coprocessors use to return the result of the

operation perfornmed. Both busses are_negative true. -22- SFRI nBus‘glO:Sl%
This is the 32-Is19t@petdsd) FuncThis deternines whicghi £1a¥Pr Qf BSPRFY PPEr-

Cﬁre | ogi ¢ fungly fsrs ti)?]bﬁedi@lélé'téézif,oégIE?YLmr estége 5t 6f SinsTpaction! fewsh.
el d matchos dSHE retntyaronadyiEl nRoITerFBurng BalEenctiFiFeg ot er
address information to and fromthe RF. Each are 7 bits. SIAdr This is the
addﬁii§ of tfmaﬂéng£?6§§) usedTﬁQsdiEVQhe 1dstout field sent back by the
o Memory Interface (on loads) or the IS (on LDA's). It is re-
turned along with the TypeIn and LdAdrIn fields.

1dvalid This signal driven by the Memory Interface is as-
serted when valid data is placed on the IdData bus.

MemScbok - This signal driven by the RF indicates to the
rest of the logic blocks that a register used by the current
memory type instruction is not free, and that the instruc-
tion must be reissued when the register is not in use. It
is analogous to the Scbok signal described below.

' K,, Register Execution Busses
The following busses carry data to and from the RF.

. SrclHi, Srcl These two 32-bit busses form the 64-bit source
operand #1 which is sent to the EU and coprocessors.

'Sr¢2Hi, Src2 These two 32-bit busses form the 64-bit
source operand $2 which is sent to the EU and coprocessors.

DstHi$, DstLo# This constitutes the 64-bit destination bus
which = the EU and coprocessors use to return the result of
the operation performed. Both busses are negative true.



the Srcl bus. S2Adr This specifiés the address of the register(s) used to

drive the Src2 bus. Dst Adr Qut This.is the address of the registers that
Wil be  used to store the destination of the operation to be.perforned.

It is used by the RF to scoreboard (and check) the appropriate registers.
Dst Adr 1 n This is the register address for the data re- turning Q& the
DstH and DstLo busses. Scbok This signal i ndi cat es when asserted
that a re- source i s not avail abl &7 or t he Regi ster Execution oper-

ation. A resource could be a register which is in use by another

operati Ons@meqrmu%rvo-raq)unum(sﬂis Qﬂ% QPULILE Speici aQ! Fundts dit Reg ister
Scoreboarglng mlagﬂ Descrl FIGU 5 | S afq@gdla&a%rr‘? :

scor eboar 8y wEh@W (ﬁﬂ§ﬁ1 % rces to
execute. . ad ridsdihreye warghtredistersgi e RR apamsr:tﬂtm S‘Hmnﬂa\nﬂaﬂo unit, or
even a bu tr d -1 ed resour ce
then it ﬁ &t ‘Jbee opér%é‘ O%EI% QDQHJL% q’e tlsh}congipl pe S déig}-:é shown in

FI GURE 3, ftlﬁé-dr éuaféﬂlﬁsc@s siRe radatar (ﬁﬁﬂ:ﬂﬁsﬁent ly wirth the issuing and

begin- ning of the instructions so this does not slow down the op- erating

frequency. Eac nstruction is conditionall - celled asserting Schok
[ e (105hE RGN RAARAP (PEFY GEhoR HETSRR (ARSTIIREARIDIEA ng REC
copr ocessairsl: (fies Wine BF.0r - Bdwh Mare Xhwicd ne (100) if the instruction is
a menory type instruction involving MEM coprocessors (resources). The
instruction is rei ssued depending on the resource check for that :
|nstructl@dAdﬁruﬂbxsuﬁsrﬁh#tﬁﬂdnﬂﬁs of the reglster(s) used to drive

the Srcl bus.

o/
S2Adr This specifies the'address,Of;the'register(s) used to-
drive the Src2 bus. | |
DstAdrout = This is the address of the registers.that will"
be used to store the destination of the operation to be
performed. It is used by the RF to scoreboard - (and check)
the appropriate. registers.. : '
DstAdrin This is.the'register address.foruthe;data re-~
turning on the DstHi and'DstLo_buSses.-
Scbok This signal indicates when asserted that a re- 'Q.J

source  is not avallable for the Register Execution oper-
ation. A resource could be a register which is in use by

. another operation or an entire unit (EU DSP coprocessor,
etc.) is busy. - '

Scoreboarding Qperation:Descriptiohf-:

FIGURE 5 is a flow diagram of the scoreboerding'operation.
Each instruction needs to use certain’ resources to execute.
A resource mlght -be a register, a partlcular funct10na1
‘unit, or even a bus. If any ‘instruction being issued is
lacking any needed resource then it must be stopped.



set is sinple and regular this check is quite easy. Regis- ter

Scor eboardi ng sets the destination register or registers busy once it
passes the resqurce check mentioned-above. When the result returns whether
1 or nmeny cycles later the resultant register gets.cleared, narked as not
busy ayd free to use. Each il ti-cycle functional’¥unit maintains a busy
signal that is used to delay a new i nstrug3on that needs to use this busy
unit. When an instruction is issued several things happen. The Scbok signal

I s assert ed. The information is driven on the machi ne bus during gl

Then during qlzbmérg)m mmm stagel shein hin (REJIRRE %, el ot o
execute the i nsigialddn &ﬁ&qi@cﬂ |3 -
they are all -avail abl e tar?fref the Sc %rﬁtif‘ t’fq{gcsﬁaé slerte(ﬁ fd Hégm
instruction is &iMkics Khe “qtfl%ﬂﬁ/ 5%3‘81&%6‘3?\%%(!&}'- tﬁzl%ed‘?‘f%tﬁ*lﬂ:tql?)'h

||s buzy (reierve&almrsg mﬁe/qstct nccza&tetjilmsmefmnorsc&orf(dﬂh&ﬁnysa:an-
al ready working o ch as if.,.ca si gna
deasserted by pﬁ%% IQﬁFeﬁﬁﬁqg{ééhék ffb#£o§§qﬁﬁﬁ éﬁ ?t1°n is a

instruction to mmtmytm Kinistnsict o mtkor@mg REG ezopracedsorsest of
the system that %d&?&éé‘)‘?téprtﬂl@‘f?ém 166 ¥ nd imr\.fééf‘é’ﬁ’t

to rei ssue the |nstruct|on on the, next io % and the sanme sequence o
events will repd® @ memowy type h‘é‘ﬁ?ﬁ'%‘?'&%?'i‘ oifP‘é‘EFEN%%% HEM [RAPXoresROrS

i nstruction cacf(&eetﬂrrdés)s Cf}%:kﬁdsﬂﬂlittﬂﬂoxﬂ%lfeis"@lﬁl dpemmli@ oh Sthe
then the fetch Io | C |ssu‘§h‘ﬁ§?F g:on MVEM . S de pf _mac %glngnqﬁr J?IS
fetch | ooks justt tceﬂlra B3t 1% %\}({:%’b‘t IR ST PR BT L1902
f et c\rl/l s the | nstetucis onifiplecndrregubar this checReis S!Ilertél éasy. Regis-
ter. Scoreboardlng sets the destinatlon register or registers
_ busy once it passes the resource check mentioned above.
When the result returns whether 1 or many cycles later the
resultant reglster gets cleared, marked as not busy and free
to use. Each multi-cycle functional unit maintains a busy
signal that is used to delay a new instruction that needs to
use this busy unlt

When an instruction is issued_several things happen. The
Scbok signal is asserted. The information is driven on the
machine bus during gll. Then during gl2 the source
operands are read and the-resburces_ needed to execute the
\_ instruction are checked to see if they are all available. If
they are all available then the ScbOk signal is left as-
serted and the instruction is. officially issued. If any
resource needed by the instruction is busy (reserved by a
previous incomplete instruction or full because already
working on as much as 1t can handle) then the ScbOk signal
. : is deasserted by pulling it low. This tells any unit look-
ing at that instruction to cancel any work done; thus making
-_it'appear to the rest of the system that the instruction
,,:never-nas issued. The IS will then attempt to reissue the

- instruction on the next clock and the same sequence of
events will repeat.



Pi pe2 - Conputation stage and return stage During this stage the
conputation is begun (and conpleted in.one phase if it is a sinple ALU -
operation). If the operation is a long one:(takes nore than 1 clock) then
the result or destination register(s) nust be marked as busy so a
subsequent operation needing that specific register resource wll be 3;/
del ayed un- til this |ong operatiqu%s conpleted. This is called score-

boarding the register. There is one“bit per 32-bit register called the

scoreboard bit that is used to mark it busy if a long instruction. This

scor eboarflg bthel §netductlonaeliedsduisNotldn( thad 1hEitsudtidnPbhchs reading
rest of register)., If the operation is a sinple ALU type operation then the
re- sult YReRombutsd SRECKRE G?Iléﬁqu@tuﬂﬁégRFSetﬂé Re§RSher MifFe during

q22. | As tbnedauk;aei &‘e\rt;fdht 0eg iico i@lg«aetéleag :ﬁé&?:ihoﬁinf m’gxstsciaet E@ faeeheheard bit
is cleared marki ng.t registe val |l ahl e r,,use anqQt her. i nstr.ucti on.
Copr ocess PElaﬂqu&diﬁPéﬁaF%§ﬁ§ 38§§sbpys§bﬂ&§PrénP%§F8 eguad, Forg
i nf or mat | boadTeagepdc dhee desttinattioon © ff the tfledchnissthec Tnstrattdam and
oper ands géﬁgbhgggngﬁﬂqy*éﬂdﬂathgh%%gqgggg i{@Te result or do some

and t ally

function, hey usu return so result.”"To describe the function
nore clearly the MDU or Multi- ply/Divide Unit will be used an an exanpl e.

It acceptpipe2 st Cokipuratidh FtagREGHO YEiurh dtage ItRradd ehisukiaaet) It
t akes nul égle C %Ieé;to compl et e |tsdpper%§%%%. Lt 1 ooks identicgl "to an
add 1 n pi BBRI FETPRSEE iR, 17 Peau, (s’ SeniietEa tn c8e RHaRE 45 A%t know
the di ffeisnaesimpile didodpermtdory .a Tddwhet operaltd oDdsiaddbabate so it
grabs it. apdyxReIiAS MR IdYe Al ' Qggi i nQ of .G : destina-
tion regi gt e;f 'S marek.e(y%hs&y_ lfcgﬁjtqﬂr% }'{hge scorug%oa%%d%ﬁs%%%akqgn >

' register(s) must be marked.as busy so a subsequent operation

needing that specific'régister resource will be delayed un-

til this long operation is completed. This is'called score-

boarding the register. There is one bit per 32-bit register

called the scoreboard bit that is used to mark it busy if a

long instruction. This scoreboard bit is what is checked

during ql12 (read this 33rd bit as reading rest of register).

If the operation is a simple ALU type operation then the re-
sult is computed during g21 and returned to the register

file during g22. As the data is written to the destination
register the scoreboard bit is cleared marking the register
available for use by another instruction. : -

Coprocessors are additional and possibly concurrent proces-
. sors of information. They receive instructions from the in-
struction stream and operands from the Register File, they

compute some result or do some function, and they usually
return some result. '

To describe the function more clearly the MDU or Multi-
ply/Divide Unit will be used an an example. .It aécepts in-~
structions of the REG format (just like add or subtract).

It takes multiple cycles to coﬁplete its operation. 1t
looks identical to an add in pipeline stage 0 and 1 - in



3

td a one. The MDU s pipe stage 2, pipe2, is its conputa- tional stage. It
| asts nmultiple clocks. As it is conput- ing this result other operations

that do not need to use this result:-can be issued. This often allows part

or all «of the long operations to be hidden by other conputations. Wen the

MDU canpl etes its work it réturns the result to the Register File during

Pi pe3.  The MDU nust arbitrate to use Ege destination bus that returns the

result back to the reg- ister file. wins the arbitration it can wite
data back the NEXT destination bus cycle It should try to do this :

arbitration pne, offekzBebRRCRE! ROTBeKER tReORSERLERACED | kBaBoEEY N

the results jus uta so return
t he destlrmumaﬁphﬁégﬂsrénggpébﬁﬁléhetUDDédeﬁﬁétRFdﬁhépe1F09§9P5th§ pedul t

- only thelﬁﬂ@iﬁ§e§§9k BﬁeR% tr@%&iﬁ& Wh%r%ebhﬁnﬁﬁéubk g9¢Sthéhdestina-
typi cal coprogessor hases sue

or emtting %Eer99&ﬁ§F§ BésBBF5§§ ggéyb,ébﬁégtgﬁﬂ i&ﬁrEEQrG%?9€H bé; t he

conput at i on {pdaaeonandThe Nne'sepdpe stage 2(Tpdpe2,sia PtpeCcshpgtaal so in

Lhe I'S that «ashey LOBGns! £4Chhgd dulinIeoRtgeeseor oado 1ok oo Eanblits)
ingle vs I - K oprocessSors ent ~Cl 4Ss

copr ocessor singnthis rnéuitngkaGyGPer@Gpﬂw@b§b§ﬁsd§ubnta§e?ﬁetEx§§Gt|on

Unit. It b%ﬁlsowgm% ea% bRl Ysanddhe rﬁﬁl& oEten wqo%pga%a&% 2117be
other is the It|- ycl e coprocessors such as de Unit.

t he
In order to T‘?é?p R@Qp@ﬁé’aéﬁlr?@lsetﬂlﬁeebc‘@ eﬁ'r(?&e?ﬁ??é' g9 | é°§'§ *possi bl e
they never rmbhytnebumabemqurettdwirtet wWordith returhe Bhe ¥eeulli ko theey

blindly gt pegigler' Fide 'R A1 OF HiPhipy GRAY GEBs e Yol ded

 the destination bus that returns the result back to the reg-

ister file. If it wins the arbitration it can write data

| back the NEXT destination bus cycle. It should try to do
this arbitration one clock before it completes its operation
so it can return the results just as it completes the com-
putation. It must also return the destination register

| specifier to tell the RF where to put the result - only the
coprocessor keeps track of where the result goes.

Thus a'typical coproceeeor has 3 phases of operation that
it sees: 1) the issue or emitting phase - where resources
are checked and sources driven, 2) the computation phase,

% and 3) the return phase. (There is a Pipe0 stage also in the
) Is that 'gets' the instruction but the coprocessors do not
see this). '

‘Single vs Multi-cycle coprocessors

There are tWo'different classes of coprocessors. One is the
_ single—cycle Coprocessors such as the Execution Unit. It
'_both computes and returns the results during pipe stage 2.
The other is the multi-cycle coprocessors such as the Multi-
ply/Divide Unit. In order to help keep the single-cycle co-
tprocessors-as-simple as possible they never really arbitrate
“for the return path to the Register File. They blindly get



Since only one operation can be emtted at a tine on each part of the
machi ne bus there is never a collision between the single-cycle
coprocessors. The nmulti-cycle coprocessors that want to return a result
nust first check to see if a single-cycle instruction is going to use the
return path. If so the nmulti-cycle coprocessor nmust wait. |f not the*vf
mul ti-cycle coprocessor nust arbit+28€ with the other nulti- cycle
coprocessors to see who gets to return the results. This arbitration is
done one full clock before the data is actually returned to the RF. Wth
thi s mechiti 3k doner as mong efchedrc F6EQUESES, §rSo§FG’rS?°§JH§§'t o the P10
core and Q/%léel %tlya%rﬁa%ﬁe)taétidm%aEUbeaaa\ﬂ:&be atskanglitecloncleachl so as

many multi-c oce ors can ad ed _as needed d
arbi trati BAY oﬁlc%ﬁﬁb 8vBFY St A n§°§q§53 gyPEEeﬁegare of .
The copr och&sermgrlmﬂcymed ca:lpnm:@“smml | RBEE Reltdt-cyoieo-coprocessorst hey

execut e ogPSQeWRﬁg %ghéﬁ] %&ﬁﬂﬁ' %tb rstT@%%%k?W% alsl@ MgFor nat

coprocess t WAL the machi ne bus. hus t he
Schok ||nsipgae)—qy§1@rﬁmwt5@ra : tt!’@p_rr(ﬁ:té’é”ébﬁ%d the Mem
Scbok 11 ng¢( £@0kne nﬁﬂrﬂ&%ﬁﬂé Cb@é%déyatdzohﬁxé\iEMemnr 0 QA the Bot h
type of coprocessors can singl e or, mult.i ' sort

A RAM
. si ngl e- cy®ud jﬁﬁﬁﬁﬁxﬁﬂpﬁﬂﬁfﬁf s??ﬁﬁﬂﬁ%ﬁﬂ?ﬁéql iiﬁﬂnﬁhe %§<ﬂ%§ 17A DVA
or MW ar eyelleicopirogessord YdE\d oo wior ety o Adétumestdxe:cxmmd&asor s
follow th &%?ﬂ i{g> are
| ssued du&hﬁ %ﬁﬁmtiérrgsoulr@é ;‘%t‘ae cdn rlk éc} e féédu‘fftf:%rao%ééreansgs are
driven du@lqtglaciﬂﬂ rekurned ke cthe \RRBd éﬁé'—hrd-’rh(’é'd neehanisn RERen Sifey
then eithep dlxydife CCUPLEAE 8GO c6RTP 1Y addrrs AES Astse rpmxa:sé;eéi and Wien \o/

this conpletes’ they bitrate elves o the results
to the RedidPeriyst ea? e‘?&%ﬁyt?‘% E‘"ﬁ}r{g %Vb‘{l tn%fﬁ)r%c%%’%%i ﬁ]%cjfﬂ indly get
to re- Also as many multi-cycle coprocessors can_be added as needed
and only the arbitration'logic needs to be changed - every-
thing else is taken care of. '

The coprocessors mentioned above are all REG Format copro-
cessors - they execute on the REG portion of the machlne
bus. There are also MEM Format coprocessors ‘that work off
the MEM portion of the machine bus. Thus, the Scbok Iine
(102) is connected to and .controls REG coprocessors and the
Mem Scbok line (100) is connected to and controls MEM copro-
cessors. Both type of coprocessors can be 51ngle or multi-
cycle. A RAM is sort of a single-cycle coprocessor and a
Bus controller is a multi-cycle one. A DMA or MMU are other
examples of MEM coprocessors.

All these coprocessors follow the same rules - the instruc-
tions they recelve from the IS are issued during gll, the
resources are checked and the source operands are dr1ven
during ql2, the resources used are marked busy durlng g21.
They then elther do the computation or complete the access
requested. When this completes they nust arbitrate among
themselves to return the results to the Register File
(except the single-cycle coprocessors vho bllndly get to re-
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- 2> turn their results). Part of returning the results also includes
returning the destination register address so the RF knows where to put the
result. Signal :Descriptions Data Buses -

[ There ‘are 3 data buses on the coprocessor side of the mcro- processor -
the sougcel "bus (SrclH Srcl - 64 bits), the source2 bus (ScmFVScm - 64
bits), and the destination bus (Dbsthi/Dstlg-- 64" bits). COprocessors
recei ve operands fromthe Register File (RF), or SFR.s onIy and return
results to the RF or SFR s only. Sourcel/Source2 are the input buses which
drive data fromtunen REhe br atésulies coprpmes sof s.réantningathe@nrésulte also

preechar ged bus Joly . n L st e_ RF
coprocessors hoo’?ﬁ‘feﬂ'"?%e ‘?J%g%&&homevéeé&t%ﬁw fgi%%%éﬁa%%ép%sh 'ys%élélge
the | ower 32 tntEfc%nQ%%s@h@h¢e@DHMG%SthQ}ﬁssﬂltthe “movl" instruetion does
the EU use as input the high 32 bits of Sourcel. Only in the "Imovl" and
"nov-add- 64" instructjons does |t drive the high 32 bits of t he Destination
bus. Address Bué%égQQ} PBRFHLRELONE hook to two address buses - Dstadrout

(7 bits) and Dstadrin (7 bits). The general strategy is that the

i nstruction seqq&g& &I broadcasts both the opcode and the destination
oper and address 1B rocessors si- nultaneously. . The destination

oper and address Thebeoadeastd@hathESESthrbhe coprodessovpsbdesefrthaimhero-

this address, X%fblééésb?e 'Eﬁ&rﬂéﬁi@@l aeé '?Qi-emﬁéféwﬂ'@ﬂ wesiesuixé on
t he destlnatlon us drives the Dstadrin bus mngte IS sane a

Dstadrin bus is S8OBFERRaPHE KEECAH/ERCENE RE P hesaﬁﬁdtﬁﬁcéﬂéglPBFIéﬂebus

destinati on oper ppstRizpdedss~ d4obgtey L hal hecbprodessobisrkbelivei 6parands

S|ndfé line, VVGéPb% the Register File (RF) or SFR's only and return results
to the RF or SFR's only. Sourcel/Source2 are the input buses
which drive data_from the RF to all the coprocessors. Desti-
nation is the preecharged bus used by the coprocessors to
return results to the RF. All coprocessors hook to these
buses; however, the EU in-mqst cases only uses the lower 32 .
bits of these three buses. Only in the "movl" instruction
does the EU use as input the high 32 bits of Sourcel. only
in the "movl" and "mov-add-64" instructions does it drive
the high 32 bits of the Destination bus.

Address Buses o _

\,4 . All coprocessors hook to two address buses - Dstadrout (7
bits) and Dstadrin (7 bits). The general strategy is that
the instruction sequencer (IS) broadcasts both the opcode

. and the destination operand address to all coprocessors si-
multaneously. The destination operand address is broadcast
on the Dstadrout bus. The coprocessor latches this address,
executes the insﬁruction,-and before returning the result on
the destination bus drives the Dstadrin bus with this same
address. The Dstadrin bus is a precharge bus which the RF
latches and decodes for'the destination'operand's address.

Along with the Dstadrin bus there is a single line, Wré64bit.
This signal is driven by coprocessors to the RF when return-



This signal is driven by coprocessors to the RF when return- -2S - ing a’
64 bit value (instead of a 32 bit value). The EU drives this |ine only when
executing either a "nmovl" or "nov-add-64"‘instruction. This signal is also
a precharged signal. The W64bit is not broadcast with the Dstadrout. Jt is
de- termned solely fromthe opcode. Thus, it follows that the registé&;
file must also be able to. detect Mi dnstructions which return 64 bit °

val ues so that appropriate scoreboard bits may be set. Opcode (and Opcodel)
The opcodes for instructions can be up to 12 bits long. O those, 8 bits

representippcades bﬂtoﬂalﬁé Rhﬂsteaa bEShrgﬁ bltoﬁalﬁéﬂﬁtQheRE@, MEM  COBR,

CTRL. Thqicqgrocgﬁﬁ g § Sxec ggh |nst[ucté9ns whi ch

r epr esent®H} A= 688d Ng¥al¥ enTﬁﬁgcu F"?h& 8Tpt s™PKE i nSFruction

se- quenctmoeonagdbedliddastrubtiions Thishsigoplodssadse anprkehépgeddel bus;

the REG ‘géﬁg lnstruction type on this bus is inplied. Four other bits
ecobde

further |nstruct|ons within the REG for nat space. They are broadcast
on the "opcodel"” lines. Both "opcode" bus and the "opcodel" bus are

prechar gefh@uRes4bit is not broadcast with the Dstadrout. It is @eScbok

Thi I h al EU

oi post agerarningd. Soleayy Sion’ fhe( 03paps Thufaoit fodigvsathakoths i s
concernedre¢istér|fiﬂelheétlaWsathhablbltb dbtendlaaleinbh&hceubher a
resource Ly EhtQétﬁgn”%ﬁdﬁlksvgibeEr%% @h E §E§Ee %g??;ﬂ%ﬁ?das

destination) or th _ glecy O0CEssor ed or
needs an bs s may be set.

Opcode (and Opcodel)

The opcodes for instructions can be up-td 12 bits long. Of
those, 8 bits represent opcodes in one of the four instruc-
tion formats: REG, MEM, COBR, CTRL. The coprocessors only
execute the REG format'instructions_which"represent 1/4 of
the opcode space. Thus, of these 8 bits the instruction se-
quencer only broadcasts -6 bits to the coprocessors on the
mopcode" bus; the REG format instruction type on this bus
is implied. Four other bits further decode instructions
within the REG format space. They are broadcast on the
“opcodel" lines. Both_"opcode" bus and the "opcodel" bus are
precharged buses. : : o’

Scbok

This signal is both an input and an output signal to the EU
(4) '

'In pipestage 1, phase 2, Scbok line (102) is an input as far
as the EU is concerned. If it is pulledllbw at this time it

" indicates that either a resource that the EU needs is not
free (ie. a register to be used as destination) or that an-
other single cycle coprocessor has faulted or needs an as-
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-29- sist. In either case the EU does not execute its in- struction.-In

pi pestage 2, phase 2, Scbok (102) is an.output as far as the EU is
concerned. Schok is pulled ow by the EU in case of an EU fault or event
but the-current operation the EUis performng continues to conpletion.
Pullln@wScbok at this stage stops execution of the next instruction in the
pi pe and allows the instruction sequencer2ge start execution of the fault
or event handler. Cceuidgl2 and Cceui dg22 This is a 3 bit bus on which the
| S sends the condition codes (CCC) to the EU during pipe 1, ph2. The EU is
the only unit wsist cain neiitlisr t¢aseCGhe | EU dimss ot idxewmuss sidrs/)irdur i ng
pi pe 2, phi andggﬁyggf% fhe nodified CCC to the IS during the follomﬁng
phase 2 - pipe2, ph2 e Cceui dq22 is the 3 bit bus on which- ‘the CCC is.
returned. Euwite This signal is part of the coprocessor arbitration 1ogic.

§' n;:e altl cogroqesw;sem@erﬂ YsHageS2l) t%cB&th(tadzqglfé &in fddtputl ad fr%r as
estination bus rocessors ar bi r us

uni't is consi derté’dE ffol?b t RRNET N %‘Fﬁ’%’? s Q"g‘f}r?igs‘?%g’ A’g‘ Lﬁ%r}r’h

uses the desti- ofatarmnEBusEtahikhn cmeeeimh\z\n bbb uthevacurrent e datvion dchei g:‘rl.alls
s a principle ﬁﬁnﬁﬂﬁ‘ I t d
by. t he EU when &t?é%]e%sinﬁe&gﬁgﬁéa%%%a%&sﬁ%%dié}g br oa cagsté? q{

COpr ocessors toﬁﬁmnﬁt?ﬁén?¥?%l8nr©ftwUél%x'éti‘ﬁfeﬂk%ﬁf@ft|-’1=ﬁa 'qfne P Pe
general all ot heind Pl PERSSERE iﬁ@irﬁ@ﬂioﬁ%é@iéﬁé’ef a5l dtarti dxe@itiiddrof

slots where the £U IPatlz\th-l:- 82! D0ehf ndiS1er.

\—
Cceuidgl2 and Cceuidg22

This is a 3 bit bus on which the IS sends the condition
codes (CCC) to the EU during pipe 1, ph2. The EU is the only
unit which can modify the CCC. It does so (if necessary)
during pipe 2, phl and returns the modified CCC to the 1S
during the following phase 2 - pipe2, ph2. The Cceuidg22 is
the 3 bit bus on which the CCC is returned.

Euwrite

This signal is part of the coprocessor arbltratlon logic.

W Since all coprocessors must return results to the register
file via the destlnatlon_bus, the coprocessors must arbi-

. trate for this bus. The EU unit is considered to be the
. highest priority coprocessor. As such the EU uses the desti-

nation bus when needed without waiting. The Euwrite signal
is a principle part of the coprocessor arbitration scheme.
It is generated by the EU when it needs the destination bus
and is broadcast to all other coprocessors to prevent them
from using the bus at the same time. In general all other
coprocessors that want to return results must wait for slots
where the EU is NOT using the bus. |



-30 FIGURE 4 shoms the t|n1ng f or the EU. Al coprocessors in-

structlons

are pipelined. The opcode (112) is broadcast by the: 1S in the 1D (8) to
all coprocessors along with the des- tination operands address (120) durlng

pi pe 1, phi. (Both the opcode/ opcodel and the Dstadrout buses are

/-\

precharged every ph2 and driven during phi.). This information is tat ghgd
by all coprocessors (2, 4, etc.). lnpgtructions are .decoded and source
operands are driven and held on the rcl/ Src2 buses during pipe 1, ph2. -
During this pipestage Schok (102) is also checked-by the coprocessor whi ch
is to execpf@ukBesi Qﬁbﬁgcthéntlmiﬁgl forStheoVED! iAYicebpsotéasorélinéne or

f th
e, o LSS Ybs: <3S HR ) BRI ahBEAAT 1 EA] VB! Bt
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L has faulted or requested an assist and pulls Scbok low..Inl;E_

struction (1e. Srcl, Src2, Dst registers) is not available
because another instructlon which is 'still executing is us-
ing that resource. In this case Scbok is pulled low by the
RF. (2) Another single-cycle coprocessor (coprocessor "“B") -

this case npn pulls Scbok to prevent ‘other: processors from
using its result data whlch may ‘be incorrect but may be -
needed by the next instruction.

If any one of the above cases occur the coprocessor is pro-

-hihited from continuing the execution of the present in-
'struction - 1t leaves ‘all state information unchanged and

does not drive any of the address or data buses. If case 1

' occurs the ‘instruction is rescheduled by the IS and is re-

"broadcast at the next phl. If case 2 occurs the IS jumps to

a fault/assist routlne.

‘Where a generic copfoCessor-méy take an unlimited number of

cycles to execute its instruction, the EU in all cases just

_requlres 1 phase for instruction execution - pipe 2, phl.

The tim1ng diagram of FIGURE 3 shows the data path control
lines setting up during pipel,_phz.' They are static during

the execution of the instruction the following phl. The rerfl
sult of the operation is latched during the instruction exe-
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lines setting up during pipel, ph2. They are static during the execution of
the instruction the following phi. The re- sult of the operation is |atched
during the instruction exe- -31--cution phase and held through the
followng ph2 when the re- sult is driven on the Dst bus. In general,
coprodgssor’s can hold results while they arbi- trate anong thenselves for
the Dstadrin and Dst buses to re- turn a result. This is not true of the
EU. The EU contains no hardware in which to hold results for nore than a
cycle. Thus, it nust return the result” éhrlng pi pe 2, phl. To as- sure that
it has access to the Dstadrin address bus and the Dst bus, the EU asserts

the Euwite lﬁeetr:luku ihas %rn%t %’iﬁ""%hggu'igﬂq hle e%otl*i@ﬁuﬁH F;ﬁ"z“(«ﬂeﬂ ERauE-t O

aregister. T |cate to ot rocessors

whet her they &adtuds tq#’elmed‘rtﬁea@&ﬁe?s’sbus during pipe2, phl and the Dst
bus during pipe 2, ph2. Specifically, an- other coprocessor can drive the
Dstadrin and t buses as 1 ong _as bot i and bho t,ogth.high.
Euwite I ow S @qﬂﬁﬁ?ﬁﬂmﬁqf EESERAE Fﬁ@wéeaéogszi% é@difhggsgs gﬁls S
a "go ahead" ftara tzn @nvary dhersedyvesr for the Dstadadn Bodr Dst biagksStbokeow
| ndicates thatghd ROYAL e FHis"1e! BBECEL1R WEC thiCERUS The #BS cbAthThEed

because of | ac a resource or because anot her_ sing

coprocessor f&@ thandyage Hay whish FﬁeheedanSUH&ﬁ Fox FﬁEeD§ &ﬂrPncHﬁéenor
the Dst bus demhuig tite st reture theUTesulti Quiriew t pipe RSephhy Teokler

coprocessor. sufé:¥%é£ it has access to the Dstadrin address bus and the

_ Dst bus, the EU asserts the Euwrite line on any operation

N~ which requires that EU return a result to a register. The
Fuwrite along with Scbok indicate to other processors
whether they can use the Dstadrin address bus during pipe2,
phl and the Dst bus during pipe 2, ph2. Specifically, an-
other coprocessor can drive the Dstadrin and Dst buses as
long as both Euwrite and Scbok are not both high. Euwrite
low/Scbok high indicates that the EU does not need the bus.
This is a "go ahead" for another coprocessor to use the bus.
Euwrite high/Scbok low indicates that although the EU in-
tended to use the bus it was inhibited because of lack of a
resource or because of another single-cycle coprocessor
fault. In either case the EU will not use the Dstadrin bus

U nor the Dst bus during the next cycle; thus, it is free to
be used by another coprocessor.



“The present application has. been divided. out of- our copending Application’
No. 9101091.8 (2241802) in which there is described .and clained a. data
processor connectable to a main menmory and a mcroinstruction bus for
carrying a current mcroinstruction including. an opcode. field and (-
including a resource scoreboarder conprising: a register array (18)‘/
conprised of a plurality of registers; said array including scoreboard bits
associated with each register in said array; a Scbok line (102) which, when
driven to a first state, indicates that a resource used by a current

regi ster type of m croi nstruetiddn-=  on sai d microinstruction
bus is available for a register execution operation and, when driven
to a second state, indicates that a resource used by a current register

type of nTBeoi PERFERE | GPRIHCALIPN BRSi ReFRCAIYIASR PRENRE a®¥M able for
a regist e&opéﬁaahgomma!ﬁﬂﬁh N6l d920h0lo1.l8i nE2brisar) nihi adbliehdriven to

said first, state;, nea 2 for_gheckin e res ces _needed to execute
the i nst%’HEFFon ig, g%%‘gr O}f’%d t AR 55? %541 Hai 83%1% PRESTESC218) for
checki ng sendecpatbde ftiok ed mEirs anemort andt aomicrodessrmckdon kew d

| nStructi 8Byl Scgrshfh© £ curkAt! rHEErBQnséPQctﬁEﬁnslnéMn%Ora riving

sai d Scbo secon state upon -t condition _that said

instructi QRC-P e $iigdde éFéI eli"ﬁéll“td&(’,‘si o aﬁ(?sph'&'lcea Fé’ﬁﬁﬂ%rﬁ’@é'ded by the
|nstruct|eamp&1gqag

a reglster array (18) comprlsed of a. plurallty
of- reglsters, '
' ‘said array 1nc1ud1ng scoreboard blts assoc1ated
w1th ‘each reglster in said array; S
a Scbok line (102) which, when drlven to a first
' state; 1nd;cates that a resource ‘used by 'a current
register  type  of ' microinstruction = on said
~microinstruction bus is - available for  a register
- execution operatlon and, when drlven to a- second state,.
indicates that a resource ‘used: by a current reglster-_
type of m1cr01nstructlon on said mlcr01nstructlon but is
not’ avallable for a reglster executlon operatlon,
said Scbok 1line belng 1n1t1ally driven- to said
first state;. . -
"means*(204)3for checking the resources_needed to W
execute the instruction to see if they are -all
~available; ' '
means (218) for checking sald opcode filed of
said instruction to determine if said instruction is a
single cycle instruction, and, ' |
means (220) for driving said Scbok s1gnal to
said second state upon _the condition _that said
instruction is a single . cycle instruction and it_hat a -
resource needed by the instruction is busy. '
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- ;33 - CLAIMS 1. A method in a data processor connected to a main
menory and a mcroinstruction bus for carrying a current mcroinstruction,
sai d current . mcroinstruction-including source pperands, sai a

processor including a register array conprised of a p| mm m mﬁt ers;
said &~Fay " including busy bits associated with ea-ch” m ”mj )

array, said data processor including single cycle coprocessérs”anﬂ_.*.

mul ti-cycle processors, the method conptiiing the steps of: A driving a
Scbok line (102) to a first state to sign B That said current o

m croinstruction on said mcroinstruction bus is valid; B. driving

i nformation fromsaid array on a nachin&nniﬁsduring a first phase of a
first clock cycle; C reading said Source operands. of said current
m croinstruction during a second phase of said first clock cycle; D

checking said busy bita métRbd iR0ASEREA peeeedsBy eBhAes@UHCEORCLAIYS tO
d Scbok line to a

execute said mcroinstruction: E., riving sai

second state %é#%@ s%ﬁ"“g §eﬂbﬁﬁ°bﬂ§g’éh’8§1§3i us; fo EPEEN1BJcPe CUFER e
condi ti on t hatmiewobmstiction, r egi satds neededehy sai ﬁlilaraﬁ.ﬁlsllti'hbltciblnondl S
mar ked busy org ' C or .Qt -a t Lz rQcessaqr, use
by a curre%t rlergf%%%l?‘]@ _Q%%ge BBé?Qﬁ.éém %rgci)fingglrj’ éctalrgégsgo nlnf gg]’l&g

m croi nst r uct idbrreptiter sargayy sorppised @f a plerality efeveygisters;

operation; F: saic®i f‘a‘iltlaag _i%%ilﬁdi%rﬁﬂé?r NbEEe! Nedddteid 1l dWiif'}gxg Baghock
cycle subsequent to said first clock cycle upgn the condition that said
Schok 1ine isrCﬁqu%q"ne’f 01838 b cBhY2Yraisrid data processor including

Y single cycle coprocessors and multi-cycle processors,
the method comprising the steps of:

A. driving a Scbok line (102) to a first state
to signal that said current microinstruction on said
microinstruction bus is valid;

B. driving information from said array on a
machine bus during a first phase of a first clock cycle;

' c. reading said source oberands of said
current microinstruction during a second phase of said
first clock cycle;

D. checking said busy bits of all registers
needed by said source operands to execute said current
microinstruction; .

\_ E. dfiving sald Scbok line to a second state
during said second phase of said first clock cycle upon
the condition that any one of said registers needed by
said microinstruction is marked busy or a single cycle
coprocessor or a multi-cycle processor used by a current
register type of microinstruction on said
microinstruction bus is unavailable for a register
execution operation;

F: reissuing said current microinstruction
during a clock cycle subsequent to said first clock
cycle upon the condition that said Scbok line is driven
to said second state.



- 34 - 2. The nethod in accordance with G#&%H%i—iuLLh@L—QﬂanISIng the ¥

steps of: G° marking destination registers

m croinstruction "busy" upon the condition- thadﬂh Eﬂﬂﬂﬂp""*@ﬁnv

m croi nstruction is a nmulti-cycle instructi ing sai-e.
Scbok line to said second state immedi ately after sald m croi nstructio
appears on said mcroinstruction bus upon the condition that said current

nlcr0|nstruct|on reqU|res regi ster that has been marked "busy".
: - 34 - :

2.  The "meth'od in accordance with claim 1 further
compr1s1ng the steps of° ' _

G. marklng destlnatlon"registers of said
Curreﬁt'micr01nstruct10n “busy“ upon the condition that
said current mlcr01nstruct10n is a 'multi-cycle
1nstructlon, and _ - o '

H.'s dr1v1ng sald Scbok 1line to sald second
state 1mmed1ate1y after sa1d mlcr01nstructlon appears on
said mlcr01nstructlon bus upon the condition that said
current mlcr01nstructlon requlres reglster that has been \_)
marked "“busy". ' ' ' '




