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cycles ‘to be over- 95 ‘system -

Iapped to | ncrease proce55| ng speed A flxed A si ngl e bus 32

oy " Y - T T M

twgwarqs jshe GRIY ileyndof v

Areenteinadria memmmt gesnd t vl e e o), Cpee ‘MRS | he

FY =y

4
s’



to and fromthe PPU via the nenory control trol 18 is given the highest

priority, with 18 in eight-word bl ocks. t he
ext ernal uses 29 .32 23 and 34 heing When read fromnenory, a
read/restore serviced in that order. The external bus-pro- operati on

Is ~carried out in the nmenory stack. cessor connectors are identical,
allowing the 40 The eight words are " funneled down " with processors to

be arranged in any other priority 105 only one of the eight words being
used withih ° order desired. . . thel,W@Mil ‘This _"funneling down"5.of
data s with %1 1/0 s 9 L™ 0 prbdiEes F digndtLon! &S‘ﬂn gbl e
because - ou 6 {lsl, %m rack \@giaﬁﬂ Emoed eCPUﬁ?I gn thel atively

sl ow usage cb eﬁbfal;egu ge ewdntteriaae cwmsewfg:x uﬁnetoﬂﬂeglvghprog?w itl and 45
by the PP mgfatﬁdv C em s a ong @%ﬁ/
automatlcyc ﬁ% 3%; ﬂ‘f%’f‘%dgf" t dbl e

T8 uger in

sw tehing o PUhfb nqmah arke CPUmHPﬁéjpnghﬂaﬂﬁeﬁQ& phadce” for an

| /0 devi ce SGPtdnmhanéd & appliad by way of the sigmibr ab 8Cw! ignummaﬁpmndmﬂmmna by
t he RPU 11P4%4§?§R 1’117@(31 kj | owor ds per 42 i 1) ng Wé‘“ nd
CPU m | command is issued Vi@ gate as to the input % t he

CPU 10  execkiam amate OOy ar o, i s “ﬁﬁtgfﬁPPﬁaﬂmequ R0 RPUViD Eoua.b proces-
grans on a pidhhdm— armgt[mnséiﬁ&lﬁom'fﬂeePRUDUs&dnd ﬁmﬂlﬁ of OR gathén £Ling 58 hvll | maj ority

of which rrayl Esss“qde liagr 42 Set°a Srmsd to
oper at e ﬁr TEEE ¢b 1 ut put

|/ O devi cesc@ﬁmg@ otﬁ,p ﬂ,t s er&ﬁ,ﬁ\(,[-‘%?cp yal so

schedul es t beng ex»ecuﬁttacbi‘%I r\aﬁl;gg:i pibese abe)nbr |e;fm’tplevxnsdia:hinn lmeCPU frenquence .of

user pro r apeoeT a ﬁ@@?ﬁ e e eHeRyton tW%H@gﬂhF%%su@m erate

with %0 A%Eenext hybeenselacte%b program . al%@og gnetlc
SWi 4 is When mgaam e 54, b

tapes tO en % | )fnomth €PUUBEThe. !QQ;E 9 120

capabi | i ti esgeadhés & I’Qﬁtéswl&feﬁmn SCW request is aa v;flttage(aﬂu @@ﬂgmgi:almd thePU

request's |/ isued by the CRY 1 tibg e Ry ¥ignalssRppesr o

e Bt iRl o amion e el D gL oo iy gy

virtual  cal Tyt Baridiiai @ Geick deSERacmMBNG2 sasa@eq wPEOPRESANS i N a

most pffici have emibied ée sﬂlﬂ:ﬂ 4addthat an'isdj@t eremabhlthe ard 10ab ﬂ:ransfeS@\é}vm cndamand 125

tional |y prten efethe er Stém rtb‘spmmﬂﬂs@d A n the
U 10 e ’g@“? ey et G g
thesg co e pah B T remor y

stacks str aﬁtuteﬁrby genert 0 id traload:ﬂory Phels (FIGUM 1bfor hr ough

E)Bg gg“%ej%%ﬁ?’%%ﬁﬁgﬁﬁ‘gh@l wg%“ﬁ;ﬁg:d %msusgd

programt o g3k not yet provided the n program.  in the cell. In th'e resent system, a smgle

| , 267, 384  description, the switch flag 44 will not have ' word locanon 1s in .memory 12— oceed
wi t hout wai btrem faagt the jgentexy igle wl%he I i ne
S E‘“%% i g ol
cate

41. This 4o bibit Cﬁa‘? ‘i’%
produced bYsﬁllP@ in asequence, rﬁuauéaa:@ ldﬁQCPrsxgﬂdlr_ange neW
data or a nmmmm%rsmoﬁmhgetoutﬂmrmmémaogﬂinem @1 anfiCWrgigial on line 42, has © program

which will

E!mhl PRa e | nst r uct i on uch
si gnal tr'ién‘1 SW‘% %ﬁl Q blgears
on line 41 Pﬁﬁ 1rég§r mnheranafcerbeudrc nyeha@a service

in due cour SEUt10 m:hem-e:ghthemé&ecuted enables. me@s@ur]g@pﬁmgﬂmgp;rab n offthe QRIG T

pr ogr am é‘al'h ntext W@m@@ r?a . %Pﬁ‘rrmé& whep Gergigy copditions in ﬂ’e PPISGD glgmmnd
is appli ﬂ%ﬁ; W's apfai:€ bn BRPERLE
Li nepp overheﬂafo bP‘UO re- du‘c&edg@b?lthe CPU mﬁr%Oponse tﬁlgi@scw connect ed

to t secomated b Lthis nmins,CHnnnaung thg Gusual h eig®Cvd dlmmhndan srrqrmwntil}lea user

pro- 3 gs\l}#g Souptsr digloe the first- w?@ni'lt}ch @ SeKjes %ﬁ’w the
CPU 10 n i
proceed wit S &%bc gﬁ &% s‘%miw 3 lﬁomﬂ rmtshemmymde

provi si on oilmt {15 .ﬂ/tl@pmmvalxpmrmmnlthb I?@ttsmtasmm obydtusoff d@FCRIAt e 51.

Li ne 53 wi | [nageneral way, |”§'§gé ; I"is kil I IPOS
oo o0 th fﬁl@awmm%%m o0 e el A
t he present of iy CékexOitwithaey aing@inO sﬂi phdeed withithecdzectiva 0P esence

80 InHEGUREE,d@FQRIhm,lﬂ)e PRALY z@sw % @ ®er is such

as to dict fro} unit 18" have be“'n : F‘ﬂef"f’b%?s-. 10, Aot
current| 95 E?ge‘Paﬁ ﬁ“’fﬁl ’flﬁtﬁ’m&pum%ué'ﬁ hen g ”iﬁn;l appears o e pg| n%
executed to determ ne which of these be, for exanple, swtching the CPU
from progranms is to be executed next by the CPU execution of a
current programto a succeedi ng 20 10. After the next program has
been sel ect ed, _program : 85 t he
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More particularly, a switch flag.unit 44 wll or 42 serves as a request to
the PPU 11 to have enabled the switch 43 so that an indica-
~enable the CPU 10 to_transfer a given code tion of the next

pr ogram to be executed is fromthe program t hen under execution in the
30 automatically fed via line 45 to the CPU 10. CPU 10 into the nmenory

t hrough the nmenory 95 Thi s enabl es the next program or program
control ynit 18 as by way of path_33. The segnent to be
automati Cally picked up and purp J2673% 1o store a code in one ce‘rl
reserved the PPU 11 emeuﬁcmﬁndayastthqm:ﬁiPUa Hcling BaY will @pa o BREE2 only N’

central nmemssppnsd B thé sycfebdiBigRignd fhoqs41, :ftheprevxoaédtgtesaf(p:élslnmteu
|nterrogat|‘t?rPr(§§ Asyll ppehown, ¥er°a |red for the™PPU 11 to
5 11 an ELIDUIITAR ke g: g,, e a s B
then carry iidkliza 16 hexe % LT m@"forsdiHTPPtﬁet on, the
PPU  of m@tamdtem&lizeddagpmuommm h@hecmﬂhe 7$taode vnll be. reset after thel has net

yet provi de%FW qﬂ%ﬁ next §PRepfe % have besn campletedy g

8
single 19 “ppe 45, '3 g% @%" Eng'}lb 'auf!i'mb % ougd
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swi t ch woul ptodosl with-the dommaridae sviyh frive oﬁ:yssmﬂynl-bthﬂltmfranhm&\m,wsimng
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an. SCW si, (gn%éch %&‘“‘% of c@@ ﬁ 5 zﬁ@ﬁ' cgnt ext
swi t ching ]mes57 and e ke, fade ot A4 will
reset. enable thaPHUI mewﬁ-epmrim ﬂemwanﬂetecamrgml’PU 1;1 dei’cikﬂnesorreoog— The
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bei ng exealioedfé:nabtcbsommmdms for stopp75n iltee. acq@clamllinasefand geniPU

cont ext Swi té‘t}gﬂf %Eﬁ ‘?‘Brzpﬁgtgﬂéa‘!el y ﬁé’r@raln%?ﬂﬁﬁ Iigihdi t i ong
FI zcep
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exi st . or 256 bits simultaneously. - " is necessabyl harkBe PPU 11 betdbﬁ detdehe CPU 10

and t he PP(L)JWfttlvm'll alfthbe seen id IGYREI4 tha amrslle@ﬂ@r;tatelmgmﬁ‘is which is pr 0-

over head f g}l‘t’é%“"i‘ '?;"%Y% dﬂ%wgfg esponse

to 8 SOY locawed within snd oA Nt 4200 il Iﬁ% Stb@“a|

online 42 Ohe PPU €1 TRE swiccifigdircilintlidd@he  gate 6. The 1-G350 b @it 44

53. ' The PPOR gdtesi5Aiand #it ds aédme,rm gafs Opemsinterogation termmaBBf and by way

FI GURE 4 61—67s AND gate 43, and OR sf'te\%uaeh ?fHeﬂ sfggﬁ mg % Badbred a point
120 45 i gi “_t% £PRHE e ARl AP B con pﬁ‘o?ciﬁoemt i on
where it canmed OR(ga@S0Gs connected at its outpht! AFEESEEN bupplid bieR of SRDCRRIETAl

processi ng to fougr inpue of the ANDeaass ol The mwunstmfm 67 @@ub@hed by the unit

10 and thef flb%l W @mﬁ{ﬁt %‘f gepd inpEe of AND: ot al
status ofs. tﬁﬁl 0.2 seconlcllempz: of thél nﬁﬁt%gﬁt 9?‘5 hﬁ)wube had -
10 at. the allanmolatnnﬁpewmm gmelsz SndCrBEI’ abymof idgertion line 9150

wherein a rrttﬁ'tl'ée ei?uapft B &kﬁétﬁﬁw%to té mgbﬂ:mﬁgms? 9&f'1‘lsrfumt%h st or age,

an 125 e second inp e FUPRat gl ét HAHAI entirely
f mch caonnec |]-u fa

o 5t oty L B I e L L

control ar reRackHRRbf eaclsmdtm ghtés 612483, prﬁcs@m Wsahnt:he nmﬁa:m, merm

| n Fl GURE 4ThetstrebeGigpal od line HMtieappfitd w the ﬂ,r am begl ns

at the se”em"nal H‘”@h@l’ew “"é‘on L ’de‘H ) status’
repr eseng%ec|7 Zﬁ%e Wt chet chére évhffopmu% «%ﬁ% cwdk A2 .

functional iThd fidiend ktiepnits 50,15; 16i-63 and \fresappliec the @onsmag fmaﬁh pEansdsw on " line
57, 'B—73 1stopenmt the establishment of -2 code . - which mdicataes to tl'gg d the

6 t he 9 wh S | gunit 18,
S e e e e @iﬁw { oBind e 41,
I f the prevueus satds embled bylmjet&oﬂelsmﬂd %Ztovm:mect CPUQ mmE@d te | | be

%

shown, the &%&%%?ﬁ%ﬁnﬂtm% tg@ﬁ‘t b ey Firg Wi | ine 57
and in I 15§ a given
state t hgy, e it wid m%%@%ﬁ& URT whickd % 1 é, 'fm[?w ng 70
initialize the next succeedi ng program and controlled by the program for
the PPU 11. data to be utilized by the CPU 10 when an The units 71 and
72 will be reset after the SCW signal or an error signal next appear
call or switch functions have been conpleted. ~ on lines 42 and 53 -

respectively. ot WI|| be noted t hat the I|nes 81 and 82 10
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The signal on line 59 indicates that insofar swtching have been shown.

as the nenory contr ol un|t i's concerned t he Line 55 is connected to t he
set A : 3

Thi s records or stores a code re- 85 corncrdence of srgnals on Irnes
57 and 59 will presenting the fact that a call has been com enabl e

the PPU 11 to prepare for the next pleted; After the PPU 11 determ nes
or recog- CPU status change. Theljg7§'p| on Iine 60 nizes such f@ct

i ndi cated -a : 2V dalVi : ghal—as appear ed
on line a resleﬁ:ersmgimCPUsloa pdm@dmb uteeLy Gti Cbmmre s@”@hmiand/dlﬁcﬂluconm lies it

to menory c ﬁnsertq%f?at‘ REYV 1 90
- to pe?%eﬂ? %. e&g&iﬁg’% ﬁ the «‘%%ﬁlﬁ%ﬁm uni t

75. The 1-aut Ilut[‘hiﬁ)fypd:lﬂbﬂms termedtcbrﬁ&t is used for the SCP
75 provi des aangdi gayabe durther démﬁﬁiayldl‘ablxtlends andSCWICbmmdndauome not ed that t he

bus 82 and t heslow whigh descaibed the joprratipasogheq on € &¢ %%s 33

[J1Q

of FI GURE 4 oV SretnliHiEt Pbed, b tttateedth AR e sg“ﬁie{

aut omati c- BObet&Eaﬂtee:lpmow a1 ANSM t ks phl toxum of‘ti », by t he
out ptt of t hem@Rriggathe SCW. and G, andterr019®n- f)rA(Zﬂﬁnwwst@nuwispM@Usly

i S necessary EHAMKhRg PPPPMERt PR abl e to detger[m"“"“l’t for gl’tU wheny ausgmagicaliy” 3 en

in FIGURE 4 that the nine the state of unit m ﬁfﬁﬁ}tgfmnents

responsive to & CHURGeS is clasdied bs eftferi S Coanﬂft ed at Tts reset term nal
on lines 41, 42 aﬁdaﬁmeummrpmssiocah-l ’Jteo bitgyi.e bityis enctor mere rpnde  88.

The 0-out pd¥ of 3 wi thin and fofiiaf ZUP%. s‘é"i—:‘ﬂ,atl ??Qﬁf #hi t
44 is connect edil% But of an AND 12}‘ -}‘-’f, X 3 chi ng
circuits incl udp OhdEPU g # Procesbibat b-tldel P byimbolE stﬁthn m;um 4connect ed

gates 50 and 51 In additi-on, AND . gates .to an-interrogation term nal 84f,

('D

and by way 61-67, AND gate 43, andrfz gate 68 are of line 89, to-one
input of AND gate 43. The . .included. In additian,.ten flip- f'l op storage
out put of AND gat e 66 TS CONMected To am 20 UM ts 71-75, 77-80-and 44 are

i ncl uded. input [ OF OR gatgnf@ «cali® GeqREGRIMEe [rERL 105 The OR
gate 50 is connected-at its output gatqe 68 |stsupp71?1fe]dcq§y way of AND gate
67. = to-one i nput of the AND gate 61. The output An input of AND gate

67 is supplied by tfgE} o the set ter-
0-out put of unit 74_JFhe secondgrtnp mg%mﬂﬁﬁgg&a“g%r’!ég 3f unit 71. The
O-ougput of unit 71 is - gate 67 is supplied by vvay of line 81 from 45

connected to a secqmdii nput q AND unj t set input of unit
77 is supplied 110 L 61 _anocgts 8&?5‘?”%‘1 @g;ng and 63. by way

of insertion |ine 91. The reset term nal- The output of OR gate 51
is connected .to is supplred by way.af |ine .92. The functron - the
second input® of AND gate. 't héet&eda S of It he s &g’ g{;& d 77 and their
associ at ed of which |s conpecLedaste tfhe se?q“t ePmnal of cireui try
is to permt the programin the PPU 50 wunit 72. The O- output of unit 72 is
connected 11 to determ ne whieth=of the functions, call. 115 to one
input of each and AND gatesg. 8 6% switch, as set in units 71 and 72,
are to be The strobe srgnal Fr ne 54 is applred to the perforned
and-which are to bg—rRi bited. set termnal of unit 73. The 1-output of
uni t The unit 78 [i% grovi déﬂmﬁflcm’t“%q* " 73 is connected to an
input of each of the 11 to intgAPUatrpuaREn dRinehdthRx ¥R Amg 55 AND
gates. 61-63. is to be p¥iitd oper ati on has been
conpbeted. The unit 120 The functr on of the units 50, 51, 16-63 and
79 supplies the command on | i nedesetdiSa by Q’ when aujomatiocontext SR i ¢ ¢ he
establ i shment of a code which indicates to tpﬁmn U 10 and the on an
output line 81 whg call is to. be nenory control unit 18,
respectively that [#e avempticadl pprepsingflagst abl i sh  a code on -line- 82

if should proceed W execut i ogg%f abywvgdgnggonges I SiploEddifgd function is

to be executed. Initially coman Uni signal on line 125
such a state is enabl ed by the strobe. srgnal 58 to instruct CPU 10 to

proceed with the on |ine %&%ﬁﬁﬁpﬁmnau ggﬂk@put .t o each of

execution of a call commuand onI)f gastmés 61-63. A

call state. will 71 and 77 have 1-outputs energl zed. appear on |line
81 only if the previous states The foregoing thus illustrates the
manner 65 of Cunit 71 and S unit 72 are zero. Simlarly, in which
swtching - from one program to 130 7 '

1, 267, 384 7 another in the CPU
10 is carried out auto- c) Context switching and/or call conple- '

rratr caI I Yy |n dependence upon the status of tion is automatic, without
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10 between the CPU 10 and PPU 11 for accom cessed prior to
conpletion of " switch ". nodati ng the SCWand SCP and error con- f)
A CPU run/wait caontrol s provided text switching environment are:

g) Interrupt for PPU when automatically 30
controlled CPU requests have been com

pleted. This interrupt may be masked a) ACPUrequest is classified
as either,. of f. (1) % ror stimul ated request for con-

Ten CRbi‘ts i e : bhits in one Qr. & words 15 e dext. ..§wi'tch

in the conmuni cation™register. 431,  FI GURE . 351 (2) .an. SCP, or

11, later to be 1dq=scr|bect;Pmﬁﬁﬂhgsed for this: ' .. (3) an-

i nterface. They 'easfollovvsrnterm; of .th b One CPUrequest is
processed at-a time. - synbol §“§10\/\P¥1?PN‘F#°GEBP€E1WWHM L

TABLE | : [err] ~ noni tor "caI.I" request storage
(request signal "¢\ ) resetR AS[EHH—]AC ¢ N context svmtch .
request storage (request signal .-s") [err] S C S

| oad request/rdp storaggl,go;n gggé; :ﬁﬂ ; Ul e o o
reset by PPU'at‘ y % ages(r ﬂes;gn)lcc) [err] : of
request’ processr ng. =~ .. setCC=cc set L =1

reset L = [err] B rr utomatic context swi t chi ng
cont ext swi-tchilngc | = - smtchcompletestorage = g B .is to be
pernitte&d L e o CU@@@IWMCPPU when ‘dut omati c
context switching - e setSC PSC MG £ .. 1s not to be
permtted : Terr] automati.c-cal l: - prooessr ng-f1 ag

set AC. by PPU when aut omati creseesa wmewliehrmndSaremet

is to be permtted reset AC. by PPU when
automatic call [ppHEessi NGyyeeeq i's not
to be permitte q:ro commandtoCPUtomuatecontextsmtchmg 1, 267, 384 .
8 [err] = - . CPUset®S.$MA8g S. - . o

set R by PPU when |t is de&rpgedbytpgﬁtwheitsﬁy weget et

reset [err] . -
: PC " proceed command to CPU to initiate use of memory eall

setPC=AC . C - i
" "reset PC: by PPU when Cand S are reset ‘

Further to illustrate: the automatic context setting out-in each case the options of call 5
, switching operauons, Tables II and III: ‘por-  only, switch only, or call and switch.
: . tray two representative samples of operation, . -



call conplete storage (conplete signal cc')

set CC=cc' reset CC. byPPU when Cand Sare reset

[err] switch conplete storage_[err]

set SC=PSC. MsC reset SC. by PPU when C and S

are reset [err] proceed command to CPU to initiate

context sw tching set PS = AS S

reset PS by PPU when C and S are reset proceed

command®to CPU to |n|t|ate use oft2fI¥bry call

set PC—AC C reset PC by PPU when C and S are

reset 4 “Further to |IIustrate tPgu gt onatic context setting out .in each

case the options of call 5 switching operations, Tables Il and IIl por-

only, switch only, or éwuammmmmghmmepr esent ati ve sanpl es of

oper ati on, 9 continuous CF 1, 267, 384

9 TABLE |1

Aut onhatl c context switching and call procgssing,

contilnuous CPU r & ng ACASPCPS ' SC C S Flip\Flosfiigos 4) R L

BC ( ' Flip Flop Fiygdreg 4) 11 0

0 Josioo 00 ii- 11'6%1d00 001100_ 11 00

00 [iig— 21100 1 O | @ 10010 11110® 0 ¢ 0 0.0 O 10 11

00 11Q0 1101 1 0 1 1 0 10

1111 01811)11 Q(\So o't q 9.9 ]1 0.0 11011._5_1]18100118”80011 1o

1111 1340111)1\/1100011)1).131001(110 _1ooo 10 . 11111000 11

11 231011 11 _ _ o PPUrelnltlallzes

wherd, doring time'i:=waitingldrlcBU rledudst® 1 0 . 1111 1010;dlopy

strobe ngnﬁh orecebved;o 1 . . . Lii-request jcogde Ilcoaﬂeda 1
PPUre-lmnahzes

where, during time i—waiting for CPU request;
{i—~CPU strobe signal received;
ili—request code loaded,
iv—begin procedure;
v—call complete; and

vi——switch complete,



i v-begi n procedure;. v-call conplete; and
vi-switch conpl ete. 10

1,267,384 10 [err] 11
1, 267, 384 ' : 11
FI GURE 5 pondi ng el ements are.. added to produce the One
of the basic ains of the conputer out put vector, C
15 system in which this invention is invol ved is Anot her desired
operation in t¥#at machine is to be B¥%P¥ to  performnot only scal®r
opera- DOT A . B which produces a scalar result, C. 5 tions but also to
optimze the systemin the The result is natter of stream ng “vector
data into and out of the arithnetic unit for performng specif?éﬂ
[err] vect or operations. - - A typical vector ‘operation is to
ADD 10 A+B=C, where A, B and C age one dinen- ~The basicidea of a
DOT instruction-can be 20 siondl linear arrays. At the elenent3 .
level, extended to include mavyix & mul |p|ication [err] The véttors
A and B are- streaned - Gven wo'Emaf ices, ‘A and B. The nultipli caﬁ _
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where p is the order of the matrices. 25 The generation of el enent
[err] may be des- 2 of matrix A and second, row vector 3 of cri bed
as multiplying the first row (row 1)-

vectors 2 and 3 of 40 matrix A by the first colum (colum 1) of
matrix C matrix B. Elenent [err] may be generated by The basic
DOT vector instruction can be multiplying row !l of matrix A by colum
2 used within a nest of 2 100 s%’go performthe 30 of matrix B. El enent
[err] y be generated by  mmt %JLuQHcatlon These Iooos1 my be

mul ti plyi ng row 1 FeGURBIIi X A by colpmamgselmehslsﬁl Sdded %o pﬂbﬂh‘ﬂ@'ﬁ:heand out er
: et Pfe the fifgsic -aimsoéf ﬂat‘cpmppt@ tput 'vector, :C. exanpl e

of mat r!f o g ;ﬁr@hf‘h’ﬁer A“°th°rd°F R, 18 %F"“é‘g row vect or
b ?ﬁ%@, oL Ay r%mqr?cef% ﬁgA is used as

an oper Wﬂa&mﬁgmfmaanwaﬁda& to eI enent olna rowin mtrix C The

“outer 3®fﬂe_pe¢@mcmf¢mma@%ﬁyﬂum vectors: ¢=Zamd |oop would be

LY, 49 0 ADD respecti vel y“1 of matrix B to generate
c,nﬁﬁééx d.Care one dien-  The basic idea of ADOT instdSifch @n bk o MALTI X

row jof QWB

#C.  Thi siomabtHnks- myscaﬂ&s:hmgemmt bt opeidad | ©naciiieagpFigT@ilighiaddoy. shown in

out by the unif,

t hen be® ) mreé éﬁm%smmeét Gipeg\gwey metriess, A Sl @R Bulgplise-descri bed i n
connect i ¢, arithmetic umt' apg the corres- ' tion is: 1, 267, 384
12 FI GURE 5 are accommodat ed and optimzed of the operation carried

i S shovvn In Fl GURE one
result may be {} vi a|Buf P& 6.

1eu Cn Ci3 :
and 107 to nem Qb [bell Sty | ThE " Jcp o Cas . FI GURE 6
systemis capabl e of such high utilizatjon 5.

In the{conputer described
_ “V\%’# Y | oper 410 oifg aBs ess demand- 70
10 has t he capabl Ilty of processl ng data at a ing rates. An exanple of the

maxi num de- rad e whi ch substanti aI3I exceeds the rate at nand on the
buf fering operatFai®amdtele  wiuch Zd@sd- ad be fetched from and stored
in arithmetic unit would be a vector ‘alidition - menory. Therefore, in

order to accommobdate where two operands woul d be applied to the 10 the

enenmory systemand its operation teutaReapnrtdmetic unit 101 fromunits 103

and 106 - 75 advant age of the maxi mit speed capable in. for each cl ock
pul se and- one sum woul d be - ‘the CPU 10 for treatnent of |arge sets of
sWell applied fromthe arithmetic unit 101 to the . ordered data, as in

vect or operations, a par- - fer unit 108 for each clock pul se.

ticul ar f eV of int erfaci i & provided be- The system of FIGURE 7 al so
includes a 15.¢}lwagpat g M m,@ﬂg&,gm HY -t eggt her with file of
addressabl e regi sters i ncl b base 80 -conpati ble control. The system
enpl oys a registers 120, .j-?i; general . registers 122, menory buffer
unit schena | ) ddid USE T At e 123 and index register 124 and a

in FI GURE GL{A}%‘%g&qP};&é}l mermory stacks are vector paraneter file 125. Each of
t he connect edpthrough the central nmenory control registers 120-125

i s accessi bl e'¥5 a1‘\"6?“120 unit 18 to the CPU 10. The CPU 10 i ncl udes
arithmetic unit 151 by way of the bus 104 and -85 a nmenory buffer unit
100 and a vebdopis thcvadenpfabamalied ore and fetch unit 126. An arithnetic
unit 101. The channel 33 intercon- arithnetic control unit 127 is al so
provizsed The geseeidrsoft dign y teclad-r & of bfatvk Alvan@Petolid) ;row tvartob 8 ¢fesponsi ve to

an i nst 1HeAE] he g @w'mw:agtuwxagwmﬁ%mf%@# 3i t40100. Three
<1272 AL LY I SIPROREERL S | D b ot WGP sl b0 and | 00C
serve t@mﬁ@[}ﬁ@ﬁ'ﬁw 11 RrkabrixOAT byMe -5e dsASHEHCE beoioF o péifotm 72 90

t he r@nof matds Bf Blemenns,f - watddebyarmmwluphcamn 'Hhest rleppt mapsber ecei ved from

wunit 128" “IPH@‘%Y&‘EJ of matrifnd by tefgmn’ I, dabek o mé‘“ﬁn‘ﬂtﬂd&ﬂﬁs \‘3*%5 8 tion

files 15608RA130. o QM U8 PP SabiOr Mot bo hah b Mm it e uni
101. The@ i s as 4l Qferand vecton ok Eik ik S th elafient O h freW in'RSERE . The serves

to reasuroperdtns inelyig tcolofn tvd:w:so]@éradl devp wonld hegmked(m index fre mlw “lunl t 128. 30

t he uni £ ¥EPEC Y’t‘.’(fl,%f._.._:_ % PSP orage afd retrieval
gati ng %, oohe tied e LMD TRCDRE LN ok th hf kg bl 131 i
provided wth access to and’from al | of rrem)ry stacks 12- 15 '

the units.-in FIGURE 7 except the instruction . _ .

files 129-and 130. It also conmunicates with : : - FIGURE 7

the menory bus gating unit 18a It is the 35 FIGURE 7 illustrates in
greater detail and operation of the status storage and retrieval 100
in a functional sense the nature of the nenory gating unit 131 that, in
response to an SCWon buffer unit enpl oyed for high speed communi -
I|ne 42 or an error 5|gnal on line 53 FI GURE - catlonto and fromthe

I T - o M . g o Y M - . ~r~I 1 AN 2



As previously described, nenory storage be transferred to menmory and a new
status 40 in the present systemis in blocks of 256 bits introduced into

the CP 32-bit words per bl ock.
Such data operations under a new program words are then accessed from
menory by way A nmenory buffer control storage file is of the central

menory control 18 and thence provided in the nmenory buffer unit 100. The
by way of channel 33 to a nmenory bus gati file includes a paraneter
register file 182 and a 45 unit 18a. As! ’&%é@ nentioned, the menmory 12
wor ki ng st orage FROIE €hrefabdiimdddnd ant pumBLL - oflhd operatioldbhfrieR outUY the 801015
structured i'n t hinee CEliamneired as sivéeln FIGURE Soxfea&me&taeﬂe brynstetmad vid bulfess [TakI Nel
The first channe$ incl udes buffer units 102 angm7mmtoawd@kw@ tor

parameter filg In@n@%;%: ke Gl f%ﬁm%%ns’f‘ o ig}“&i‘ni “Etﬁ%@"“g Tht

contents of the wegdk data m:aa
the AU 101. ar eraterﬁm&n‘mbm ally NdxGeedshile BRETRC Y B:erﬂm:cbmfenﬁg) opeTitidh |ad | e t he
second channel i vii¢hditascalybe fetshed fromodnd stoved ing e arfthresic @R wauldr bes o omese Qdéltlon

fetching of a 1 gh g
ona 09, o8, o0 18 ey TS o 7, a%aupno ﬁ“;t LE R TS s Tt s o

first and secondtheQRU-10 fariieitmdnt 8f ladgy 1uler6:ﬁTthe0d3Lﬂm&66uﬂemlhﬁ the
nel s provi de pat Wslﬂﬁdoqlataopemawetsr matmeraenhr-t o generic

vector instrugii idedh betyf 1T0E
unit 128. A tr%n&,ﬁfé’tublescdnﬁreg i theﬁtw’élld Eﬁm%sﬁ g anﬁ%ltd}gdsos

for transmttal mémory biffer iufit Mﬁxhatiaa&ly 1&Bgatage123t rﬁ:ﬂsflﬁcleﬁl mglsmt lmt
the results to theFlﬁéWtEr@Whmﬂ’e Macksar arewet parameter dfile t 138 ﬁ'@qheOf_LZBeto

the file 132. 5 commectyd e ﬂ?.u&% 25tt§ iy iploete, Drh
operations then F%t éggl t%,em% Thﬁa‘)waﬁ; mdu % bé’ﬁ ?ﬁ'ﬂr dgs

at a tinme. subsaheEt wsi JEThelBmael 31&3@0@nd cJo&Zrthxmr 127 %ogi-@!dﬁd S
recei ved for eachects g Out gmkol ltshw;ltl(PEU ion eionﬂmf&ruwbre

par- 60 puls r <108 rT’é’&etén uf“l‘ °“ d 2
I nterval that Q?h@m ti’{%m%&m Q’ i i%"mor,}% c_ 102

Is perform ng a ahicvem. Die li:ai 1608 ,and EObLEEHVE & 1%1 files 129\and] B30qfrovii phﬂxstfs\r fove

transferred fron%fglgts;‘otg%mds glrtb‘: upjr 20 ﬁéphi?*gﬂ?%rgm f@mc : inFgrowypler the

unit 103 to t 63l : ‘?ﬁ: éﬂ:@‘g ,,Mmp\Ugs
. h

101. During AL it °”%i%§uaacs Lk @S rovibed S e

interval, the uninésorydsdals BRA5127a 65 recognihzasistih HIGURE P exvept g mspmuort he

nature are preparing for e next succeedi nlen}P8ragd 13030t also communicates)
1,267,384 i% -FI ﬂlslgtw in de g: rﬁé bthl::sts Eigs&gebgl %ﬁfﬁdloo
out by units 1264l ﬁnfiyu R Dim: mt\@,at, e toan S

During this sarrebuﬂatmttmblpyeuh:ehigmmmmm tii emeﬁtFIG;URE: of
outer | oop ufsHen tmzadtr@xnﬂetae ﬁgﬂ“ﬁfﬁe next 4,|<n r1 ‘f°

address incregeng ‘:ﬁdfgi‘ Jocks of 6 ﬁ.{ﬁ %{?‘iglf 05
three. oper a- [ﬁﬁ}{ilglﬁ‘ %v%rdb Ber! ek, B da OBpeQM funde @ B ns ater 13
the AU 101. ThusSwordsard therSacebsbdfrom memory by @ay pi p’elmenﬁrysbumactmnd stoz’mr fleds e

four instruc- Ofttl Sﬂlmelb'%qmbé% dsthmﬁRé}w @gn 00 The

Vorking File 333775 %WIE §J “”’mﬁ"‘i“‘i”s tong
A, B and C buffer un? 200 is stru alis ot Bg) 0{16
AA: current addr &hes filsi thapel inclnded\ birffer uniec 0 ﬂradmzetoﬁtomvi@@mulemtﬂe
nmenory BB: cur r &dt103 ingesis f:g;m% %‘Ermﬁ 1¥§uff¥l mtgfr‘bﬂ Vegpr ;‘Tognl‘j e
132 provi de cgpag; "ﬁgp‘i&’@t s E:Etﬁﬁi 1e1321£24mf gofa 115
speci fyi'ng CO”D'ﬁifts §6¥ an@ RIRS 1fikd Qianel included

under program units 00T and 108, The first and second chan-  unit 128. By way of illustration, assume

Working File 133nekcprovideTrghs el P‘ ck p tru
e e

&uﬁ

133 may further resultstotheoentrdl fﬁﬁptheﬁlenmﬂﬂfeﬁeqezi when

it is understood t;[thabuftehmxtmﬁscmenm:oaadm Thel hen ;vmnzl;thog es
at a

132 and 133, | Cpdi sre ropmschf . rprds elghtlﬂggUR bspq seg%sl Gon 2?&9;;:31 fal

[err] outer |ggp, p iy, -'ngthcmtervalthattheAU o1 125

The paraneters a 636‘3;3 &B::lmaﬁhrﬂﬂﬂérsi&f Sis pe ing a given operation, the M azet er

File 132 Words of 32 bt areC @anbferpdd froentuffer p aidd27 prepagedertix nextyucseeding opSac

starting addr essutitn108 ag the U #B@Fxoﬂd?ﬁ‘ “Fgcpt g o SFW&WI eﬂg @l ggg"s are

streamed ¢ TEGLAL VRLCAL S LR S C

arithnmetic unit, ¢ S|stent PWM TR the mgB stae?tlﬁ c}ﬁiress In centr al

menory for parametrl c description thus established |n the 25 readi ng

vector B CPU 10.

50 SC. starting address in central rrermry for A matrlx

rrultlpllcatlon exarrple of the ~storing vector C



NV: nunber of elements in fundanental detail, the nenory |ocations being
as tabu- vector operation | ated in Table V.
TABLE V | oc o€ o6

Kk [err]: I [err] m [er]

K+l [err] 1+1 [err] m+1 [err] k=2
[err] 1+2 [err] mt2 [err] k+3

[err] 1+3 [err] mt+3 [er] k+4

[err] 13+4  <[ern] m-4  [1e367,384 k+B

[err] & 10 be ﬁ%ﬁ]out e

o6 [erklmm b i o 57 “°§f”£§s"§f’§3§;1°1§§; 2 ke
[err] 1miv 128 is fi the next mslmk'ﬁon [Teis r ]AI address increment for inner loop  k+8

[err] fs¢ {‘}e ins b"xec“ted > opefdey 40 address in inggement for utessloepssuned to be
pre- st or el gﬁ & Matrix CIStO be | ocations k
through k+8 g4 u[tgnxo oﬁéﬁ@@ﬁl at locati fidsough mt8 by rows.
60 i's asfslmdxiﬁ, (Tz,bE, qlﬂa!.,sFlmmﬁ at | ocat i-ondork: $eandCl ocat i onssar e
present ed10| n rrggl, thatlhecombmauon AA current address for veptop @7 384

&

ry current address
Initially kg;m,s gg;ga ﬁs g{sv:;fgpc N =3
[err] blhty for operations sequence of addresses and the
met hods of eompmdlrmrhngliamlevel ‘under program vec‘:tvi’)rrkl A | s resent ed in TABLE
1 THBKS Wi o cuppe ok e
. The op eter file for t mdex t‘
A Step rﬁetf‘w may, further o?ﬁﬁﬁlter lm gggh fO
[err] unders when it2is unders that the KVC:2vectod @t
1 2 legéhds ‘eniplofed in files ‘}%r arid 138 IC: [Temer loop count- 0
2 2 FIQUBE 7, gge asin Table IV. [ oy 1] 9C: outer loop gount - 1 2 k
[err] 620 [err] TABLE IV = T parametlm are Ioadgl' mngﬁxg registers 45
Parameter File 132 ftom central memory prior to executing a
SA: starting address in central memory for vector instruction. The vectors are streamed
readmg vector A through the arithmetic unit, consistent with the
: starting address in central memory for parametric description thus established in the
25 readmg vector B CPU 10. 50
SC: starting address in central memory for A matrix multiplication example of the
. storing vector C : above equation will now be described in more
- NV: number of elements in fundamental deml, the memory locauons being as tabu-
vector operation - lated in Table V. :
(\i
Tagle V. - oL
loc loc loc .
K 2, 1 by m ey .
: k41 2y ‘141 by m+l ¢ -
k= Ayg 1+2 bs; m+2 clg
k4 a5 44 ng m+4 ; Caa'-e -o-
K+5  ay 145 by m+5 '_"c];"_'_"' |
K+6  ag 146 by m4-6 “ 'Q Rt
- k+7 ago ] 1+7 bss Tl m+7' '. ¢3g .
K+8  ay 148 by m+8  cgy
‘ ’ ‘ U
. Matrix A is assumed to be pre-stored at through 14-8 by columns. Matrix C is to be
locations k-through k-8 by rows. Matrix B  stored at locations.m.thfough-m-8 by rows. 60

is assumed to be pre-stored at locations 1

¢ -

These allocations aré presentéd in Table V.



7 [err] 2 0 2 8 [err]
1 0 2 9 [err] (@) 0
2 K2 10 [err] 2 2 1 k+3 11
[err] 1 2 1 k+4 12 [err]
O 2 1 k+5 13 [err] 2 .1
k+3 14 Jerr] 1 1 1 k+4 15
[err] 0 1 1 k+5 16 [err] 2
0 1 14 k+3 17  [err]  126%3%; 1 . on” 1
k+4 15 _ . 1; 267,384 &
15 step T o] eraiwong & =1- VC ik
[err] addr ess Tnieially; S _-15 [err] o 0
0 k+5 SBE=l 1= 3[er4£}$’»—3“_ 2 .2
0 k+6 20 err -1
2 0 K+7 SC= [n 11‘1"‘_3 [err] : 0 *
2 0 k+8 The sequene:ofa&?csses and the@iicthlods of computation: for 2 1
0 k+6 23 [vegtor]A is presented-ini Tm VE- 1 ,
1 0 k+7 24 1 i
0 1 0 K+8 T“‘L“e‘hrz [err] A
2 O StepO bpeﬁanons - 26 VC[ er rI]: address. -
1 0 © g -
0 0 Lo SA"”AA > ‘f'l"’vc A si m |2ar pr cedu?e is%ollowed for
vectors B functi ons they pe?rorrﬁ and each functional and C. The
vector B addregs segaeﬂreaﬂ is unit in that AU 2401 i & prdvilded with its
own. 30 simlar Ve 11¥€: address sequence for -vector A. storage. A
mul tiplier inclyded kR, 4R@sAU 101 5 excepf thap-l i thegpsgtarting
address instead ‘is vé-&-»lw:pe to permt production of a product. of k.
The vector C sequence IS m. mt. 1, for each t| m ng _pulse. In AU 101, the
del ays m+8lsn§__"f_‘gkw"’l‘"¥e 2 -genetal Iy invol ved
in nultiplicati on Where. The -manner in which the sequence is
iterative procedur esAdsd: )l oyed are avoided. 135 ‘2. gererated is
di ctated*by ‘the par ¥ecdP¥Civector - The AU 101 conprises two parallel .
pi pe- 10 instrycti ORAQ_Q.L,IAQ -execut ed. The (exarrpie gi yen lgpe sections
300A and 300B. Th¥cCpilp¥iC ne -
7 SA—»AA NV—I1->VC 2 0 2 k
IC—1-IC
8 AA41-3AA- 1- 0 27 - k41
VC—1-»¥VC : '
9 AA+1-2AA 0 05 2 k+2
. VC—=I=>VC
10 SA+A q$—>AA,SA NV—1—>VC 2 2 1 k+3
NI—1->IC ¢o—1—> $C ' :
11 AA+-1-»AA - 1 2% i k+4
VC—1—>VC ' __ - o
12 AASl-sAA. 2 1. k5
'VC—;I:&WC*‘ 2 e ‘ ” ' .
13 SA->AA" NVE-I>VC 2 1: 1° k43 '
IC—1-IC
M4 AALI->AA SR U k+4
VC—1-VC _ __ _ _
18 AA.+11—=1~AA - ek F o ks
16 SA->AA NV—1-»VC 9 0 1 k43
IC—1-»IC '
17 AA-1-1-AA 1 0 1 k+4

VC~1-»VC



is for the DOT instruction. The vector, code sectons are on opposite

sides of a central, is presented to the nenory buffer unit for use
boundary 300 Lines 300a, 300b, 30 } } 3 }

300d represent the operand input channels. 40 _

The AU pipeline 300A includes an exponent. 15 Havi ng descri.bed

above the provisions of the 303 wth an alignnent unit 304. Alignnent
present system for supplying ordered data at a wunit 304 is connected via
| i nel5 “305 to an add hi gh. 126%384- it will be recognized tihat it is

unit 306 ghiCh I'n tufn 1S connected via Iine 45 desirable to provide
an arltflr_;etlc unit (A 307toa nor I|z_ j Allne 309 con-
that is CON®tructed SRASH j - & out put of the

nor mal i zi ngs uni tAA3RI8> %) data at the rat es orade possi bkesby nmeans of to an
out put unit 310 VC-—1—>YGhe buffering systemdescribed and illustrated The
*operand ch nel g in F QU 6

are connec?gd tqtual @QA E?E-lng unit 311 0 o %E'g system shown in
FIGURE 8 is an and thence to a nultiplier 312 whose out put carithmetic
*unit for ned®of %@rﬁ% zed units is cbnnec®éd t® one khput of the add unit
306 25 and capa being selectively placed in dif- via line 313. An
accunul at opr 314 AA-siI-smpnect ed ferept pipeling configgrations within the
AU Dby a first Vérpusve.i ne 315 | eading fromthe out- 101. The AU 101 is

partitioned, int Nk f the alignment unit 304, a second 55

whi ch are gﬁ'rm) a‘g,}%—gﬁ |stent W h the |np)ut Illhgg316 | eadi ng from
an output of the

1,267,384. 23: ' AAfl»AA 1 I. 016 k&@d unit 306 and by
a line 317 | eadi¥g¥1¥n put of the ali gnment unit 332 is connected t he
pi pel i ne sggti opa300ba The accumul atorg viayline 346 tp,gn input of the
accunul ator 55 vCc—13idvicchas a first out put Ilne 318 Ieadl ng to one unit
345. Accunyl at or unlt 345 pggw des an ut of 't he ﬁﬁgonent substract
unit 302. A" out - ontietted via |ine? 317 o thd accu 5 second
output |ine 319 8ads to the output unit tor unit 314 located in the -

spi pel i ne:seet i oMA+I->8Y0. : L 0 o - k47 300A.
Further, the outfsutlt¥Cthe accunul at or The exponent substract unit
302 is con c- @ 1o Ly connected via a ol i neg347 t theyoptput 60 ted
3by way of [in ¢ he input. of out put uni t  338. - uniit 310. In a

simlar- mse#—ﬁ%e—eu%p%s——%%d-eﬂkpub—ﬂ“eﬂﬁhe—aeeunulator 345 is
10 of the alignment unit 304 and the add unit fed via a line 348 to

anot hera. mnuﬂtprdaédmtehefonowed&%eﬁrexcq&ﬁﬁ&n&entzytparftmpemﬁaah fubbgonadd- -uni t
exponenpd SijiEter ector: Bnactdr%&queﬁ?neisoutn ult thngU 1(11 @@@vid@ \vdmsemnecbﬂby way of

| i ne, 32imilaRtoathy addepsseaenre @.‘x‘t?ﬁ?r AUHLyia a 65
RS ot e R e ?‘tbi’fmé”&l“ exponent
substra.ct._umk 302 " ad |'t|'on {0 deften llyniﬁtbvedqnt |vﬂiareun|t 306

| ocat ed- The. trhrelexplnpeiflnqheﬂsesuum BOGmanﬁeﬁﬂc%dmsaﬂe MEYCBYF;Q;(‘ 3% and from
t he _ : Weplier 312, a
e 330 eﬁ@? ﬁgy&ﬁg plpehne also fed via a

th A e e T

i ne ns presmt@rtamedeatmb mayim

338. Siimihisadefeyminaibe. 70 An Hﬂﬂ@itmtentabtpm\;tmwmmm 10H0i s t hat

out put s-. of t-he akd, ,_;t un|t 332, t i gipgline. 3 g Eannel s 300a
and QOOC  AGRES At the p NN o st d04. AlidmmoUt - 20 nect ed
avia li IpﬁesenB mﬁfbdmﬁalﬁng&d&an&mat hair 3p4lis. dSsBBhneBosw padd from the add
uni t- hlghgﬂet & will beheecozn thnteusectunuﬁﬁem ek@epis opngected Fhuliies 45| so fed via

»)

o, 11 no o 1 o a@m R M 1 nes
+of  td9e d@ A0 bR NHhresShl to AN ol Bt 3107 324 are
connec ttiecbuff@ing Isﬁtemrqumbdafand iRstrated OM trheeopwhd tHahneB r300andntl 3Beklalios fed via a
mul ti plul Q/ ines 325. Sim lam bopnected nes pwmlmuﬂéfoﬂa s¥@cond i nput

of the & ggé,'@ fn cl¢ a{'he'*‘“g)og eg% “g‘@f‘gll‘tﬁegﬂléladgﬁ% 334 and al so
to aB laﬁtpé& b 1f- vidd 14 islchifneddid€r ands on
channelfgent Ipipelirk :pﬂielm Sl@catﬂrﬁﬁhpa(]ﬁ.étsls'ﬂmngtﬁbm the out-300a and 300c
are di r1% ﬁT;}g Médotos manomo pf 1he Jgnmentcupit A8t oyda Bﬁgoﬂd I5%ne 355 to

t he ch afe Jprmopiaus 2ad) FisRt igh 30’@’“?/?‘%? 18 dgdingg from am QP oF §5¢ put unit 310
Iocated in the pipeline section the input of the normalizer unit 308
via |l eads 300A. 30 328. Lines 323 and 324 directly feed the The present
AU 101 thus provides a operands into the output unit 310. Control
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sented in two's conplenent notation while execution of a nmultiplication
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