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Introduction 

1.1 Scope of Document 

Thia document will describe the function and design or the Cl Vedor Proceaaor (VP). 

Thia document ia organised into two chapters. Chapter 1 describee the 1e0pe and organisation or 
the rest or the document and compares 10me of the features of the 02 and 03 vedor proceaaon. 
Chapter 2 is a functional description or the 03 VP hardware. 

1.2 03 vs 02 
The following ia a comparison or eome or the major architectural featuree of the 03 and C2 
vector processors. 

• The 03 vector processor, lite 01, will nm 32-bit (and aborter) opera&iou at twice the 
rate or 84-bit operat.iou. Throughout the document thia feature ia ref erred to u •rate 
2x9. The 02 vector procaaor waa probi"bited from running any operation1 faster 1han 
the one operation per clock rate due to the choice or CMOS Tedor register files. 

• Uulilte either 01 or 02, the 03 vector procaaor will have the ability to perform UDder 
maak operations onlr 011 tlo,c element, toAo '• VM iii it Hf, 111tirelr m,,inf tlo,c flat 
arc not ,ct. For example, if VL-128 and only hall of the biu in the VM are Ht, an 
under-maak imt.ruet.ion will only take {&t+overhead) cycles on 03 rather than 
{128+overhead) cycles on 02. Thia me&liod ia variously referred to u •operate from 
Jist• and "VM accelerate•. 

• Add pipe functionality will be provided on the Multiply pipe u well u t.he Add pipe, 
and edit functions will operate on either t.he Add or Multiply pipes. Hence, the Add 
and Multiply pipes will be almost homogeneous with the except.ions or multiply, divide, 
and square root. Thia redundant functionality could be imperiled by cost or space 
factors. 

• The 03 Yector register &les (VRF) will be • .tacked• in the mode ol 01 and 02 where 
registers are paired v0,v4 Yl,v5 Y2,Y8 v3,v7. Stacking ia required by gate-array space 
limitations. Two read accesses and one write access to each register pair OD fferJ cycle 
are provided by triple-cycling the gate-array RAM. 

• The 03 vector processor will not have the r,en/odd structure that the 02 vector unit 
bad. 64-bit operands will all be sent to a single set of function unit.a. However, in 
order perf'orm 32-bit operations at rate 2x, it. is DecesA.r)' to send the operands out. at. 
twice t.he rate of 64-bit operands. Thia is done by split.ting the 64-bit operand busses 
into two 32-bit busses for the rate 2x operations. This appears to be an nen/odd split 
r rom the perspective or the function pipes, although a single function unit may be 
receiving both bus.,es. 

• The C3 vector processor carries on the C2 tradition of having t.he entire vector 
processor operate in lock step by extending the clocks when any part or the VP is 
unable to produce or consume data on a cycle. 

1-1 
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• The 03 Teet.or unit may be provided wit.h a foreplane port which will allow esterDal 
connection of custom function devices to t.he Teet.or pl'OCellOI'. Thia would allow apeciaJ 
devices to have t.he full bandwidt.h memory acceea &.hat &.he VP iue1t hu wit.bout 
physical modification of &.he CPU. 



... 

2.1 Overview 

2 

Functional Descript~on 

The 03 Vector Processor (VP) participa&es iD t.he execu&ioa ol all Teder iuvuet.ions execuMld by 
a procesaor. k contains ihe Tedor regil&en, Tedor mut regis&er, and Yedor functicm uiu lor 
execution of Teet.or inst.ructions. There are three pipea wi&hin &he Vector Proceaor: t.he • Add• 
pipe, t.he •Mwtiply9 pipe and t.he •J.oad• pipe. The Add pipe ean perform all integer 
arit.hmetic/compare, floating point arithmetic/compare, logical and TedOt edit. operat.iona wit.h 
t.he except.ion of multiplies and divides. The Multiply pipe ean perform all multiply, divide, 
logical and vedor edit operations (integer and tloatmg point arithmetic/compare ~ationa may 
a1ao be added, 1pace and con permitting). The Load pipe performs all •ector/VMfVS load/store 
operationa. 

A block diagram of t.he C3 Vector Proct8lor ia ahowa in Figure t-1. The aca1ar proceeaor 
dispatches instruct.ions tot.he Vector D:ilpakh (YD) boct, oft.he VP. tile VD boc1J eeledl t.he 
pipe to execule t.he inatrudion, detenmaea whether t.he nciar npler Ile pone and o&her 
required resources are a•ailable, an4 determines whet.her chaining and/or accelerat.ecl aecut.ioai 
may oceur. 'l'he VD bod)' alao waiu ror a aeed from t.he ICalar mait. if it. ia required. When all 
the required conditions are md, t.he VD body ctispat.ches the imwudioll to t.he eelected pipe 
conuoller. 1'bia dispatch includes an eot.rypoint. microaddreaa, Teet.or regiat.er and pon Nlecu, 
eoUJ"Ce and destination data mes, execution rat.e, and the ICalar Ned. The pipe controller then 
may execute the inst.ruction wit.bout performing any reeource checb. 

Each pipe hu it.'1 own cootroller (UA/VM/ABD, UM/VM/MBI> and UL/VM/LBD) which 
cont.aina a microeequencer, a copy ol the VM register, a control qaeae and a backdoor convoller. 
Each pipe controller ia responsible lor reading Teet.or element. from the Vector Register F'de 
(VRF) body-, aending t.hae element.a &hrough it.'• operation pipe (memorJ lor t.he Load pipe), and 
writ.t.ing t.he results back into t.he Tector register Ile. 

The Add Funct.ioo Pipe (.AFP) and Multiply Functioll Pipe (MFP) bodies perform all t.he 
•processing" within t.he Vector Procemor, and are controlled by the UA and UM convollera 
respect.ively-. The Input. Staging (IS/JSCTL) body receiTee and qaeaea all dat.a from the lcalar 
procesaor and memory. Con&tol of t.he IS body- ia ahared between the VD and UL bodies. All 
t.hree pipe controllen may aend data to the acalar procaeor and memor,. The Output. St.aging 
Control (OSCI1,) body handles t.he handahakea for these ll'&Dafera, while the VP-AS.DATA bus ia 
used fort.he data tnnsfer. 

2.1.1 Pipe Nomenclature 

In order to keep the many et.ages of pipelining in t.he VP organised, a convent.ion for naming 
pipes and pipeline levels was defined and at.rictly followed. Signals wit.bin a pipe are prefixed by 
•a•, • m• or •t• for the add, multiply and load pipes rapect.ively. 1'bia prefix ia followed by a 
string indicating t.he pipeline level: • _•, • L•, •2_•, •3_•, •q_.9, and •bd...,1'. The first three strings 
refer to 0, 1, 2, and 3 levels after the control store and dispatch registers. The •q_.9 refen t.he the 
output or each pipes control queue, while •bd_• ia one level aft.tr the queue level (t.he backdoor 
level). Thus •-._.ctive• is the active bit for t.he add pipe microsequencer, •&3..-ctive• is delayed 
three clocks, • aq_active• exit.a the control queue, and • abd..active• is in t.he backdoor registers. 

2-1 
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The VP ii packaged u a lingle 18• by 209 multilayer print.eel circuit board. All board int.ernal 
and interlace aipa!s are 100k ECL compatible. 

The following eediou deecribe the each of the bodies in more detail. 

2.2 Vector Dispatch 

A block diagram of &be ca Vector Dispa&cJa baterlacea ia lbowD ba Ji'ipn 1-2. Tbe Vect.or 
Dispatch {VD) logic receiY• illltrudiou from &be iDRnldioD proewor OD &be ICUU' amt No the 
IPO'l1, controU•. These imtrudiou are dilpa&cbed &o the tuac&ion pipe microeont.rollen oa &be 
Yedor proceaor when all eonfticu for ~ are naoned. Reeovc• primarily are: VRF read 
ports, VRF wri&e por&I, VM write port, tmidion pipes, the ec:alar-•ftdor blterlace, or the 
Yector-to«alar interface. For tboee innrucliom \ha& are capable of execmiq on either the ADD 
or MUL pipe, &be Yector dispatch logic det.ennines which fucuoo pipe an iutrudion will execute 
OD, 

The IPCTL conwoller performs all of the required handshaking with the inst.ruction processor and 
attempts to maint.ain a queue of inst.ructiou ach that an imvucuon will always be a•ailable u 
aoon u the Yedor dispa&ch logic ia ready. 

When the JPO'l1. bu an inavuc:t.ion aYailable and &he VD ia ready, the VD begim a dispatch 
cycle. A block diasram of die ca Vect« Dilpa&ch eoatrol ii a1aown ba Ji'ipn N. Dispatch 
requires at lead two clock cycles and ia DO& pipelined. In &lame '1ro cycles it reads &be lookup 
t.able lo determine the required raources for &be iu&naetion, cheeb the anilability of all of thoee 
reaourees and prepares to allocate the reeources \ha& die iD8&nldion will require. U the neourca 
are not. available, the dispatch will be held ol antil Ibey beeome aYailable. 

Resource a•ailability checb fall into 7 main categories: 

• Read port check/ allocation 
• Write pon check/allocation 
• Function pipe checlt 
• Chaining checb 
• Scalar pon checb 
• Rate 2x and VM accelerate checb 
• Miscellaneous haurd checb 

Read port check and allocation logic ucenaina whether read poria OD the requested ngiaten are 
available, and assigns them if they are. Since there are wo read ports OD each register pair, 
either one can be assigned to any inavuction. U an instruction requests the aame register mce 
(e.g., or.111 vO,tO,•J lo copy a regist.er), only one read pcri is usigned lo the inst.ruction and t.he 
VRF ia commanded to uae the eame port for bot.h lea'Ying the other port free for reuse of the 
regjater. 

Write port check and allocation logic determines whether the requested write port ia available, 
and assigns it if it ia. The requested write port may already be alloca&ed lo any of the three 
pipes, and either t.he front-door or back-door of any of thoee pipes may be using the write port. 
U a front,..door is using the write port, diapat.ch is blocked. Jr a back-door is using the write port, 
dispatch ia blocked •nlua the instruction in dispatch has a pipe length greater than or equal to 
the instruction ibat ia currently hogging the write port. 

Function pipe check logic determines whether the requested function pipe ia in use. U the pipe is 
in use it blocks dispatch unless the dispatching instruction has a pipe length greater than the 
remaining pipe length of the executing instruction. 
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Chaining cheek logic determines whet.her an executing instruction ia writ.inc lo one of the regi,ten 
(VRF or VM) that t.he dispatching imiruction needa lo read, and blocb dispatch until &lw 
execut.ing inswudioD hu wrii.ten u least. one N8Ult. halo that regiat.er. Thia approach U1Umes 
thu all or the ca faction pipes nm in lock-ei.ep. That ii, &lw either all or t.he function pipes 
advance one at.ep or all ol t.he fund.ion pipes advance sero ltepe on each dock. 

Scalar port. checb coavol acceea lo t.he ICllar-lo-nctor (SXV) and nclor-&cHcalar (VXS) 
int.erracea. Only aae imt.ruction which requires t.he SXV interface ii allowed lo execute u any 
ue. 'nm allma&ee ecalar data ordering problems. OaJy one imvadioD wbich requires the 
VXS/VXM (Tect.oMo-memory) interlace ii allowed lo execute u any lime. Tim alleriatel ICa1ar 
and memory data ordering problems. lllltrudiou which would Tiola&e t.he &ban conclitiom are 
delayed in ctilpakla uiil the N80al'Ce becomea aTailable. Thie body alao interl'acee with the Input 
Staging body lo Id ecalan ror thoee ina&nadiom that require them and lo load the VL regll&er. 

Rate 2x and VM aeeeler&i.e checb determine whet.her a dispatching instruction may cause 
problems u a result of consuming or producing data d an aecelerated rate. Rate 2x and VM 
accelerai.ed instructions may COD8Ullle data and produce NAlta u a rat.e &lw ii faster t.han ot.her 
instructions aecut.ing on t.he Teclor unit.. These fut, inat.ructiona can read data more rapidly 
than it is being produced by a normal imtnld.ion. In a chaining llituwon this eould result in the 
fast. instruction reading put the data &lw ia being written by t.he normal instruction and it may 
begin cooauming from Teclor element.a that have ~ yet. been written lo. Thia ii prohibited by 

• .,. A _f this check. In this cue a rate 2x instruction ia prohi"bitecl from aecut.ing until t.he offending 
• V inatrueuon comple&ee; t.he under muk inswuct.ion would be forced lo go u t.he DOnDa1 rate rather 

AOJ It~ than u t.he accelerated rate, but ia diapdched immedwely. . 

~ overwrite element.a thu have yei. lo be read by a preceding imtruclion (e.g., dLr .O,vJ,•J 
-~ JJThe other baaard ia t.he reverse or t.he abon. The rut. instruction CID produce renlta t.h.i 

\ followed by •"'·•·' •.t,'11,-,0 where t.he •"·' goes u t.he norm.al rate and t.he •"'·• runs u rate 
,~ 2x.) This ia prohibii.ed by t.he check. The dispatch act.a in t.he same way u t.he abo'fe condition. 

')J 
Miscellaneou checb are a eet. or amall checb t.hu do DOt. fall inlo one or t.he above categories. 
These checb are u follows: 

• VM write pon checking and allocat.ion. Bot.h t.he MUL and ADD pipes can write VM 
bit.a aerially OD a. The LOAD pipe can parallel write t.he VM register. The VM must 
be allocai.ed properly. 

• Simultaneous eerial and parallel acceeaea lo t.he VM register are prohibii.ed. 
• Edii. inat.rudiom that do Dot. produce or CODSWDe data d t.he lingle cycle nt.e must not 

interrere wit.h inst.ructions thu do. 

2.3 Vector Register File 

2-6 

A block diagram for the V eclor Register File body ii lhown ii F"agure M. The VRF cont.aina t.he 
memories for t.he nctor regiat.era, along with the data .eleci.ion and It.aging required lo allow the 
t.hree microcont.rollen lo perform their operdions u independently u poeaible. There are four 
250 locai.ion by 72 bit Ttei.or RAM banb: VO/V4, Vl/V5, V2/V6, and V3/V7. Each bank ia 
divided int.o two 256x36 bii. halves (macros) which are aeparat.ely addnaaed, u ahown if Figure 
2-6. The upper and lower words or each even Teet.or element. are swapped bet.ween the two 
halves. Thia allows pain of byt,efhal!word/word veclor element.a lo be read from t.he bank each 
clock, thus providing t.he bandwidth lo run •amgle 2X double•. Even longword element.a are 
word swapped on writing and reading. Each RAM macro has internal regiatera on the address, 
write enable, read data and write data lines, and ia triple cycled to allow two reads and a write 
each clock. 

There are i.hree set.a or dispat,ch registers within t.he VRF, one for each pipe. When a 
microsequencer is cfupatched an instruct.ion, the •rront.door" dispatch registers in the VRF £or 
i.hat. pipe are loaded with selects and controls (or the inst.ruction. These dispatch registers route 
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Figure 1-4: Vector Register File 
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Figure 2-5: VRF Bank Organisation 
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read addresses and controls from the microeequencer '° the vector RAM banb Tia the read 
control crossbar. The cliapat.ch registers IN also piped wo register levels'° route read data from 
the vector RAM banb '° the pipe data path Tia the read croeabar. These piped dispatch 
repten alao control the swappen, operand Hlect.ion muxe1 and data regist,era or tbe pipe. 

A Xci.J>ipe...dl code C&UleS the •backdoor" dispatch regiaten for a pipe '° be loaded. . nae 
backdoor dispatch regiat.era route pipe results and controls '° the vector RAM banb Tia the write 
eroeabar. Parity ia checked OD pipe results while tbey IN being written in&o the RAM bub. 

The VRF will be bit aliced in&o eight 20K sate ana71, each array implementing 4 biu ol the 
upper word and 4 bite of the lower word or ffer/ longword. 

2.4 Function Pipes 

The Function Pipes accept opcodes and data and perform the requat.ed opera&,iom. The Add and 
Multiply pipes coost.it.ute the function pipa on tbe C3 vec&or proceuor. The funct.ioD pipes are 
compoeed of multiple functional gate arrays and a fund.ion pipe (FP) controller for each pipe 
(• AFP coouoUer• and •MFP controller•). Tbe FP pipe controllers at.an tbe appropriate function 
unit and enable the appropriate function unit '° drive the bua when ite data is available. A block 
diagram of tbe Yec&or processor function pipe architecture ia lbOWD in F"agure M. 

The functiOD pipes use a • split• bus ltructare '° suppon tbe rate 2x mode tor ~ ~ aborter 
than 04 bit.a. When 04-bit data types are beiq proceseed, aa entire 84-bit bua eoniaim a ugle 
piece or data. lloweYer, when 32-bit (or aborter) data &)'pet are being proc-ecl, a 84-bit baa • 
used'° transfer wo·a2-bit pieces of data on a single qde. The fJYen data goes on tbe lower hall 
or the bus and odd data goa on the upper hall ol the baa. Thia split bua structure permiu the 
basic 04-bit busees '° support the rate 2x mode wil,bout extra pins, bUIMS or IUDction uDiu. 

At pNSeDt it. has not been determined exact.ly how the function unite will be implemented. Some 
usumptioos are made here about the performance ol the function unite. The function unite, 
when deYeloped, must conform'° t.be split bus atructure used on the vec&or procesaor. 

2.4.1 Add pipe 

The add pipe will probably be compoeed of two gate arrays and a FP controller. One of tbe gate 
arrays will implement. the floating point add/subtract operations. The other will implement all of 
the integer, logical, type convert and other miscellaneous instructions. Each of these function 
unit., will be required to receive and proces., a single 84-bit. operand aet or a pair ol 32-bit operand 

2-0 



~ 

' 
_, 

LOAD A~D M'lt. 

VRF 
STORE ADD MUL 

X y X y 

L -u ,_ 
, 

L -II ,_ 
, 

I. -u ,_ 

L , -IJ ,_ 
, 

- -MP INTIOBR MW INTIOBR 

IJ_ 
ell. '1.0AT.ADD LOOIOAL .... DMDB MtlLfl'LY n.oATADD LOGICAL •. ~ H ROOT H H .... 

" r- " 
....._ -

• I, 
' L, 

L L 
INDEX offl - -

IJ ,_ u ---,_ 

c~---------__. 
Figure 2-0 

Function Pipe Archit.ect.ure ... 



i. 

September 10, 1088 OONVEXPROPRIETARY 

1ets on every cycle. 

Table :1-11 Required functions for add pipe function unlta 

I'\ . c; __ 

add blrwlld 
sub blrwlld 
le/lt./eq blrwJad 
en blrwJad 
min/max bhwlad 
frint, ed 
ud I 
or I 
XOI' I 
not. I 
shl I 
be I 
Ion I 

Table 2-1 lhows the required Cunct.ions ror the add pipe Cunct.ion unite. The Cundiona are 
described uing t.he Convex aaeembler mnemonics. The min/max iut.ruet.iom require a bit, t,hat 
ie1la which ol lhe inputs wu the min/max, and the result, dat,a port must cont.am the adual da&a 
input, which WU mm/max. 
The AFP controller starta the appropriate runetion uit and enables it. to chin the result bus a\ 
the appropriate time. 

2.4.2 Multiply pipe 

The Multiply pipe will probably be composed or 8 divide/square root ASIC., 4 multiply ASICs, 
and t.he two Add pipe gate arrays plus t.he MFP controller. It, is uaumed at this point tbat an 
ASIC divide unit. wiib t.wo dividers each capable or producing one bit, per cycle will be available. 
Eight or these ASIC. will provide H result bit.a per cycle. Thia rate produces a double precision 
result or two single precision results every rour cycles. Thia is the ume result rate that Cl and 
C2 have. Ot.her configura&iona can easily be auppor&ed u long u they provide an aggregat,e rate 
or 16 bits/cycle and support t.he eplit, bua ltrueture. 

Table 2-2: Required functions for multiply pipe function units 

mul 
div 

bhwlad 
bhwlad 

Table 2-2 shows the required (unctions lor the mult.iply pipe lunct.ion units. The lunct.ions 
are described using the Convex assembler mnemonics. 

The number ol multipliers ia predicat,ed on a Cundion unit, architecture based on a 18x54 bit 
multiplier core. Thia architecture requires (our puses to complete a double precision or long 
integer multiply. Hence, (our (unction unit.a a.re required to produce one result every cycle. The 
multiply function unit.a must receive 32-bit data lrom either the upper or lower half or t.he bus 
and drive the result onto the hall that it got the data Crom. 
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The MFP cont.roller st.ana the appropriate function unit ud enabl• it &o dri•e &be result bu M 
the appropriate time. It aJao prcmd• eelect lipal, &o each fundlon ult &o allow diM anit &o 
operate on St-bit data from eidier die upper or lower bua in die 1plit bu ClODlguration. When 
the mult.ipl7 pipe ia performing u operation diat produc• le11 than one piece of data per qde 
(i.e. ,,·., ud lfrl), ihe MFP controller enenda ihe clocb on ihe ren ol &be VP &o maintain lock 
8&ep. 

2.6 Input Staging 

The Input St.aging (IS) body receiY• ud queu• data from ihe acalar proc:eaor ud melDOl"J. A 
block diagram fer die JS body ia thowu ia Figure 1-7. Memory (MXV) data ud aca1ar (SXV) 
data are queued aeparate!J. Each queue la three lenla deep, which prorid• enough onmm after 
an initmal clock mend to abeorb incoming data aadl the REQ.NEXT liguJa can be negated 
(plus one more tranarer). Parity is checked on ihe top entrJ in die queue, 10 although a parity 
error may not be detected immediately, the bad data will alwaya be retained. 

Scalar data is driven onto die SXV bua. When data is aTailable it may be popped by either t.he 
load microeequencer, t.he load backdoor cont.roller, or the Tedor dispatch unit. Memory data or 
acalar data may be driven onto t.he load pipe result bua. Load pipe result data may only be 
popped by the load backdoor cont.roller. 

The JS may eit.her be implemented on one 20K ga&e array, or be bit aliced iD&o two 10K gate 
arrays each array implementing 18 bit.a. The polllDle problem wit.h the 20K array is that die IS 
hu 144 eukaneously mt.ching output.a. : 

) 2.6 Pipe Controllers 

Each VP pipe controller has a microeequencer, a eet. or vector element counters, a copy or VM, a 
control queue ud a backdoor conwller. A block diagram tor t.he microconvoller ia abown ia 
F'igure 2-8. 

2.6.1 Microsequencer 

The microeequencer controls t.he X, Y, Z ud VM counters, eelect.a operands from t.he VRF, 
generates a code &o control operations tart.her down t.he pipe, and dec.enniDes eeveraJ •JaA 
element• condit.ions. The mieroeequencer ia in t.he lower left part or Figure 2-8. 

The microeequencer can accept a dispatch when it ia idle or aomg idle (rdy). When accepiing a 
dispatch, t.he aix bit entrypoint is lhitted left 3 bi&a &o form an initial microeocle addna The 
Tector length ud other parameters are registered, ud t.he TeCtor length ii munged in&o a cue 
Tector tor reduct.ion operations. An actiYe bit ia let whenever t.he microeequencer is executing ui 
instruction. The microaddrees generated is applied &o t.he cont.rol store RAMS &o fet.ch t.he Den · 
microinstructio11, ud ia aJao registered to facilitate lingle instruction micro-loopa. Parity is 
checked acroea &he microinstruction, ud the microword and micro-pc are held it a parity error is 
detected. The microinstruction may eelect a condition &o test. The renlt or t.he test is registered, 
ud may be ued on the following microinstruction tor conditional micro-jumps. 

2.6.2 Vector Element Counters 

There are four element counter for each pipe. The X and Y counters address t.he Teet.or eource 
registers, the Z counter addresses the vector destination register, and the VM counter addres.,es 
t.he VM register tor the eelection of muk bita. All counters are cleared M the start or each 
instruction, r .nd may increment at different rates r or different instructions. The VM counter is 
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Figure 2-7': Input Staging 
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Figure 2-8: Pipe Controller 
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compared against VL to determine when the instruction is complete, and when TID bit.a are nlid. 
The VL regist.er and the VM and Z count.en are 8 bit.a wide. Thia allows using counts beyond 127 
to occur without •wrapping" the address apace, thua limplitying end condition detection. All 
count.en may be loaded with the output or the VM aceelerat.e encoder ror accelerated operaiiom 
under mask. 

2.6.3 VM 

Each pipe controller hu its own VM register. Serial writes, parallel writes, and seroe of the VM 
register must write all three pipe'• copies or VM. Eada pipe reads Ille VM bii(e) teleded bJ the 
VM counter and munges them into •acuve element• VM bit.a ~ are paebecl through ihe eontrol 
queue. Each pipe bu the ability k> preform •operate mader mask• imwudioaa by reading and 
writing only the Teet.or elements whole correeponding VM bit acwe (one or sero). This is 
performed using Ille Accelerat.e Encoder to search the VM register for active bits and transl'er 
their positions u count.a to the Teck>r element count.era. The Accelerate Encoder requires iwo 
clocks to generate the address or the &.rat active bit in the VM register. 

The load mieroeequencer may parallel read VM and transfer it to the VRF and on to memory or 
the scalar unit. 

2.6.4 Control Queue 

Count and control information needed at different levels or the pipes are pwshed Uarough a eonvcil 
queue. Jnf'ormation propagates through the &rat three levela of &he queue, controlling operand 
selection and function pipe operations along the way. '11le rest or &he queue for most information 
is a FIFO &hat is pushed whenever r.2.,aetive is aaerted, and popped whenner Xa..pop ia 
uaert.ed. The active bit, however, propagates t.brough a variable length pipe whoee length ia 
selected by the dispatched pipe length. ID the add and multiply pipes the r ~ve bit ia jut. 
connected to the Xll..pop signal, thus popping information from the queue whenever an active bit 
falls out of the queue. ID the load pipe, r JCq,..actiYe is unuaed. Instead, the backdoor controller 
generates lq.pop whenever data is ready from memory. 

2.6.5 Backdoor Controller 

All three backdoor eontrollen decode Xq..pipe_ctl to generat.e Xqjd_bd, and to determine &m 
and last write and last scalar to Tector transfer. The load pipe backdoor controller (LBD) aJao 
matches data from scalar and memory with pipe_ctl codes being popped from the queue, and 
extends clocks unt.il matches are made. 

2.6.6 Load Pipe Functions 

The load pipe controller has a copy of the vector stride {VS) register. The X vector element 
counter is multiplied by VS to generate indices to memory for vector loads, at.ores and et.ore 
scalar extended under accelerated mask. 

2.6.7 Implementation 

All of the logic shown in Figure 2-8 that lies outaide or the two dashed areas will be implemented 
in one 20K gate array. Three or the gate arrays will be used on the VP board, one for each pipe. 
Thus the gate array must. implement the superset or the function needed on the three pipes. The 
control store RAMs, backdoor controllers and miscellateous logic shown will be implemented in 
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discrete part.a. 

2.7 Clock Logic 

All or the VP except ror the exterul interfaces opera&e iD lock ttep, with one common clock 
extend (clock hold). Three event. can CAN ilae clock to be mended. 

2-18 

1 The OSO'D, body hu data t.o lnmle.r to ilae acalar proceeaor or memory, and ilae 
required request is Dot UHl"ted. 

2 The LBD body needs non-flnt element data from memorr or uir data from ilae aca1ar 
processor uid it ii not ready. 

a The dmden within the MFP are being praeated data uid are unable &o accept it. 
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