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L. Introduction

1.

fhis document describes in delall the design of a data~{low procsssing
element based on the Fast Procemzing Rlement Ttrucihure proposed in ref-
errence 1.

It im not the intention of fhis dezdign manual to explain the dataw

flow aystem in any great deiail, but rather the design o

o

z peoceacing
1 1

element ideally suited o implement +that syaodem, Purther information

on the data-flow concent iz availabls from refsrrences 1,2,3

1.1 3tructuras of the Procsa:

The ideal fast structure proposed in (1) im not reallv smitad o

discrete design technigues such a2 ars used in thism design. As resull,

o

the structure was altered slighily to %ha’ shown in
4s can be seen from figure 1.1, the element has hesn broken up into

three sectiona; CHUL, CFU2 and four hardwars €ifo gueues. An 3100 inter-

-

Ia the original proposed Tast element, the units or smell blocks

shown in figure 1,1 were all specialised hardware devices. In the design,

the hardwars blocks

nperations, axeapd

or the fifo guenes and the floating point vnif,

1.2 Tholics of OF0
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be pagsed within the unit, a wids date path iz thorsfors very desirabla,
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.3

The chodee is thun guickly norrovred dovm fo one of *he modern 16 bit

KR

doubt the Tastest and

— T kS - d e - R
Ricrovrocessors, The Mobaroia FOORDOD dig it

most flexihle of

are probably esase of interfacing agynehronous buas and linoax
K A =] S bbby

The only weal specification imposed on the desien iz that it must

inplement the data~Tlow model. Hovever in desicning the processing

element, every offort has been made 5 make 1t as advanced and flewible
2g possible, with the intentions of using it Tor the basisz of future
projects and study inio the data~flow concept, i sn sxannle, the
element ls designed to be enbtirely interrupt driven, however hardware
facilities are provided That allow fully »olled operation. The unit
handle floating point data also using an AnOS11 arithmetbic proc as-

ing unit. (n board ram is dirvectly expandabls bo B12 Libvies,

1.4 Befervencs

{13} FLO: A Decentralised Data-flow Syatem, Part 1 of 2

G.Z. Ggan and C,FP, Richardson, Hanchaster Uni. 14979
{2 ) ivid, Part 2 of 2
( 3 ) A User's danual to DL

T

C.P. Richardson and G.7. Tgan, Hanchesbter Uni, 1950




2, Dhrenit Deserintion and Operation

Section 2 describes

letall, giving all
civeuit diagrams, operating instructions, oie,.

o

such of the information ascessary for operating the element ig cone

tained in the data shects of mony of ‘he chips used in the deaigm,

Correspondingly, nany of the relevant dats szheets are included in this

manual Tor the reader's referrence.



2.1 Befragh Timing

Mg, 2,1.1 shows the cirenit used o generate refresh requests at
2 ms inftervals., An asyunchronous refresh reaquest can be zoftware init-

iated hy writing to port & ( 3FFFF06 ) for CPUL and by reading ab port

lata involved is lrrelsvant,

} for 07U2; in each case the ¢

Tig. 2,2.1 shows the civeuilt used &5 generate syometrical 4 aund 8

Mz clocks., The foruer is only used For the Aw9511 Ffloating voint unit

eontrelled hy P02, whilst the

el

iz cloeik iz used for all other cloel

in the cireuit, in particular for CPIL and 0FU2,

2,5 Rezet snd Talt

Fig. 2.3.1 shows the rsset/halt circuit., Two push button switches

{ PRL and P82 ) are used to manually reset or hali the procesaing el

enent respectively. Hesets and Talts can also be software inifiated

4

by elther CPU, but the entire processing element will reasct since there

o

is only one reset path and only one halt vath,

Provision has been made for 2 systom reset simmal, f.e,, an exte-

mal reset imput. The protofype POB has systenm reset fied high fhrough
a fine link which is easily cut if the systenm reset Taciliky is TEeq-
uire&.in the future, The main fO?eseeable_usa of thiz inpuy is to remet
a data-Tlow machine comprising of a number of nrocessing elements,

Hote that any reset alzo forces a halt as is required b the 48700

Cs.
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The monostahle is used to »rovide a dehounce cireuit for the hali

oush bution.

2.4 Hemory Decoding

Mg. Z.4.1 shows the nenory dscoding eircuit, The cirewlt iz ide-

]

N

ntical for each CPU. & ‘'‘memory address' is indicated by A20-23 bheing
T ) . mal. This eff 20
low which generates the HAD sisnal, This eflectivelr allows for 2
bytes of memory (-or % Mword ), alt hough at the moment the oironit

can only accept & Eword, using 256 K dvnemic rams,

Port Address.l is true whenever A B-23 ars high and A4A-7 are low.

P

This gives a tofal of elght 16 bit norts in the saddress range

;.
I
{

A dndicates either the wupsy or lower br

%
®
5
&
e}
a
4
of

aceess signals are verified by the address girobe. 16 port aceess si-
Bt rezd/write vorts.

the current port sllocations. Wob all ports ar

S §

pregently used thus allowing the addition of extra nerivherals, alth-

ough the Gata acknowledge signal also neede fo be gensrated for auny

additional porfs. { ram 50-307FFFP (512%) rom & 3ncjfﬂ (1) )
i

£ 4

2.5 BAM/ROM Arbitration

The memory adiress sipnal Ram and Hom addresses,

Eowever, when a resst is generated, the Surom,L signal goes true and

snables Rom { fig. 2.5.1 ). The sprom read.l, sienal

acknowledge for eprom reads and iz also used in *he ram cirzeuit 4o

inhibit ram cycles when 8 read is bheing done. Ham can be writien to
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at any time. Jystem initialisation should be performed hy copying rom

fTo ram and then inhibiting rem { conirol signals are dizcusazad

Pors Read/Tort Jrite sections), Tote that Sprom read.lL is verified

-

address sirobe but Lprom read.H ( the szame signal ) is unoi! However

there will be no gpurious data acknowledge sig

due to this apparent anomaly since the DVACY eircuid in deasigned

o

mals fron the ram cirevid

guppress dota acknowledge when the address shyobhe iz False. Also note

that the ram will not be spuriously accessed gince address strobe

azeded beiors a VAS sigral iz gensrated,

Fa=y
=

2.6 Floating Point Onerations

The compusation processor, UPU2, sccesses fthe AnG511 floati

unit through two of the memory mepped I/0 ports desceribed in
scoding section,

lower data bus of

iza data ( alihous

5.1 ghows how to accsse the 707,

PORT | R/

j&)

W | BEFFTOR | Enter Command

<4 e Read

vable 2,6.1 Accessing the TEQ
Por details of data formats, coumands, ete., ses the 9511

enclosed in this document, Pilg. 2.6.1 shows the P70 cirenit.

ey s L ol S 3
moed aize Sranzfers can he used

ig intorfacad

data

the menory

ahosts
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2,7 Dynagic Hemory Desorintion
Plg,  2.7.) shows the DRY arvangement. 150 noec devices must he

used for correct operation. 3pecial ram driver chive, An2955, ars uzed
to elimipate overshoot and undsrehoot on the ram data lines. The dy-
namic memnory controller used, National DPS407%, vrovides similar mf-
fering on all of its cutsubs. The 22 ohm resisiors are used %o interface
L3 and 3 ML devices to the vams, i.e,, CAS and parity bits. Totice

o

that the ram address signal RAD i= not verifisd by the address sirobe,

but this is no problem since no CAY simmsl
dress strobe having been active and no dats acknovladge will result
since it is suppressed when address strobe isg false,

the rawm circult is directly compatible with the newsr 256k chips

since the DP3409 has nine address cutputs:; thse PO will directly =zco-

e prototype ram arvay iz 64k x

for byte parity, 04d parity is used { @ bits ).

2.8 Parity Cirouitry

g,  2.8.1 zives reuit, Tn the ovent of
a parity errsr, a bug ervoy is gonevated on the following cyels allow-
ing tho to take wlace, Due to ceriain Feab-
ures of the 000 asor, cortain 'iricks! can he used to Tind the
arror address; see gsoftware.

Parity errors ave iuhibited duwing reset to prevent svurious errors.
The circuit uses T4352230 devices bo generate and check parity for all
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ably longsr for hard

support handbook for

2.9 Porss

L=}

fers sh

rototyne machine,

»

further dot

tails,

. 2.2 shows

There ars for sach 0FU. Table

J-

it the i

addresses o)

go That only bhrte trans-

da

ta pordts iz ag zhown in

the table whilst the address of *he low date port iz one higher {AD=1Y,
a3 explained, hyie iransfers should he used aach case, Thus there

are four poris effectively for each OPU deascribed as vwort write/vead
bigher/lowex { PWH, PVL, PRI, PRL ), as shown in Sisares 2.9.1 and
2.9.2 . These figures also show the allocaltion of eash datn hit Tor

uga in the Lo emtabdblich any of
Tiret observe that they are active low, the approp

Tollows,

o

Suatus

2,9,1

A% further discuscion of the porbs
carn be made avallable extarnally through the

n P g}
st addrsss

SEFTEQ9,



2.9

The edght bit status inforaation is transferred from %hs lov data

has into a latch af the

for JHI1 and SFFFFOS for [0TU2

The lateh signal is made external Through sockebs S¥2 snd 573 =o that

=3

external devices ple the sisgnal and detect when status inform-

ation has been made available.
The propesed use of the status ports is for sending informe

external %o ithe procezsing element but at the same fime

utput quone, thus nininising the interference to dsta flow, Such in-

fomation could typically be run tinme statisticwy, ate..

2.9.2 Command Invut

Together with the status oubput, FIL, thers is provisiom for an

ke
¥4
ot
£
O

omgond input. Commands are read by issuing a TRL HenUence,

Tor GPUL and ZWTTER00 for

Commands are sssembled om hity O0-07 and a Command W7

generated., This signal 18 ftreated as

L

ntervunt e the

+

procesging element which is programmed to lmmedistsly read the comsand

To ensure that commands do not 'overmn', the command rezd zignal can

* can

be monitored by the commending device sinee *his signal iz nade acce-

tts

ssable through sockels 8¥2 and 3E5.

2:9,3 Internal Status Reading

P
CFO1 has access

sfull and enmoty,
of the input, pipe and local gqueuss. (702 has access o pipe, local,

ontrut statuses, The internal sitaitus is read with a port read hish



2 for 03UZ2,

T X3 A BT £ oy P
PRE accoss, the adlresses are VYT for UFU1 and $5

[

-

The information returned on dits DE-015 is detailed in fisurass
2.9.1 and 2,9,2. Together with the interrupt maslks available in the
internal control poris, PIH, +the status »orts can he used 4o allow the

nrocessing element to operate in a volled mode az opposed to its no-
rmal completely interruvt driven operation mode,

A kalf full signal is not availadble for the pime, local and oubtmat
ifos ginece they are 2k words long and the half full signal, speeified
pic Tifo is thus used as the full aignal for these fifos, The input

fifo is 4k long { allowing greater buffeving on the input ) and has

enpty, full and nalf Tull sismals all operational,

2.9.4 Internal Control Rortis

provide

The intermal control poris serve a
contrel over device resebs, interrupt masks, 2te. and are also cleared
by an element reset. The dats bilis associated with these ports are

&

generally active 1ow since & resmet clears the oubtputs to this level,

The four interrupt maslks provided for sach 0TU san be used Ho in-
hibit certain fifo interrupt reguests, thus alloving volled onesration
for these fifos, this sigmificantly incyeases software flexibility,

i3 pointed out the masls are acbive low and are thus asltive

tely following an al*ment reset, To enable the inferruvis, the manks
mast be nesated following a reset. Further discussion is siven in *he

interrupt section.



The fifo resets are active low, so that an element roged will re-
sult in the fifos also being rezet.

CFUCL has raset contirol over Tthe inpul and pine fifos vwhilst OFg2
can reset the local and outpub fifes. Resetting the Tifos effectively

¢lears the corresponding queunes, Ofcourse the fif

)
i3
3
2
et
Dd
ar
H
@
&
e
o)

any time by writing the appropriate data to

a gystem reget need not be generated o clear anv of the f£ifo cueuss,

oniy excoption to thiz iz the input £fifo whieh is ave
though it only reads *he inmul gqueue, For an external device %5 cloar

st be sent to 0Tl o have 1t clear the

b

gqueus; such a command could

actually be nassad the input cueune

L a0 desired, bubt is much mors 1ilely %o be sent through the comaand

i

Wote that one gignal is used to reset both local and outpul fifas

comnected to CFUZ and thus these Fifor must bs reset tomether.

2,9,4.5 Bnabling RO

Zprom.L is the setive low gignal used to enable rom, This

ig asserted when an element is meset Tor both Wiz and ecan alad

CFIL Rem dg only ever active for read

’

5 be written to but read from only when

0
i
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2,10

It is anticipabted thabt rom will be copiad o ran sad Then disabled

upon svaten initlialisation,

2,9,4.4 U Deset

The fleating polnt wnilt iz also reset by an element rezet, i.o.,
it iz also an active low signal at the control port ( an inverter is
vged to make it active high as reguired by the 29511 device ). This

gizmal iz only wvelevant to {FU2.

2,9.4,5 PPY Service Ackmovledss

Svack iz made active high at fhe comiral porit so that 1% is negate

D.a

upom an elament reset. In aaain uged but this

time To gonvert the active high mismal to

o B
[ERS R SR {jqp a

fen 7oy

agssignnents for

it

2,407 FIFD Cireouits

2,L0,L  Troud PTPO descrintion

Mg, 2,10.1 shows the

ig delayved through two inver

LN

The input gueus is 4k x 16 bits and is uvsec

processing element. 4 3ignetics 8I60 is usmed as the fifs ran controllsr,

vhich generstes all the ram interface siznals needed %o oerais

o S oemmp e e D !
1 a2 Tirzt-in fdret-ounl ne SHNYY .

The data inmot and oubput bhusaes

to prevent conitentions on tha

operatimm of input and sutout devicay.

DN



The TRY chip provides empty, -+ full and full status signals which

4

terraptes within the orocessing element. For

are ugsed exvensively as in

exanple, 1f the input gueue becomez full whilat the local gueune is

1

2ing read from, then an interrupt will be issued. and the appropriate

kR

action %talken; in this case the input queuve could be read into ram tem~

porarily. The empty aignal is most important as 1t is tho onl way of

",
o + thE

telling if there s data waiting 1o be collecied from a nusun.

Tifo must also provide a handshae aignal o the 2rxter-

nal device writing tokens to ths aueune. Thiw ig Leved aming the

by the ¥RC, The handshake secuomes pro-

- P ' 3

A token to be written o the inpul queune in assen.-
bled on the 16 dnput lines. A shift in request iz iseued

cessing element board, in nariicular to the input Fifo ram controller,

Fi¥en o7 e oy vl T L A -5 :
Thig signal will eventually result in the rRC generating a write sip-

. e . e . ) - im
nal o tne ram, vat thls sdgnal can be aignificantly delsyed if a shift

out operation iz alresdy in vprogressz. The A0 has the ability to stack
up commands in this manner { ses the 2160 specs for further details ),
Upon receiving the write handshake, the exiternal device nust remove
the zhifi-in request and the sequence is complete.

CFUL can read from the inpub aqueue by readd

SPFFROC as shown in table  2.4,3%1. In this
pleted upon recoipnt of the ram read sisnal which ig nsed in tha data

aoknowledge clireouls,
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CPUL can reset the input fifs hy

the internal comtrol port at addres

2,10.2. Pipe Mfo Dueous

The pipe fifo carrvies tokens from IPUL o 902, The cirenit is
given in fig. 2.10.2 The main peculiarity of +this cireuit iz that

the 4+ full sisnal is actually trealsd as a Tull signal since the fifo

is seb up for 4k wut only vaes 2k (words) of ram.
OPUL writes to ddress FFFFFOL and CPU2 reads the fo-

kens from address the write and read signals from the

PRC are uzed in the data acimowledge circuits of 0PTL and 0702 resm
pachively.
CIUL cen reget the vive gueue by asseriting bits in the control nort

at address IFFFM04

e

zue is ildentical fto the pine queue exzcent thalt tokens

I
3
D
]
<
{2
i)
fot
5‘«‘
&

ere passed from CPUZ to CPUL. CPU2 can reset the local gqueus by ags-

erting bité in ths control port at addrese SFPEPOS, (FUL reads the local

@
b

o
.J

quene at addressg FREFE0E and CPU2 writes fo the queue at address SWETTO2.

2,10,4  Cutput Fifo Queus

CPU2 writes fokrens to fthe ou %nuy nuens at address

raset the Fil by asseviing Litd in the
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4

A heandshale seguence is

at the sutmut very similar to that

used at the input, In this case, the external deviee gencrates a

shift-~out resuest to the 11 eventually respond with

a ram read gignel which is

=
[
o]
o
i
-
=
I
&
g*
=]
&3
i
o
¥
@
o

the requesting
device. Fig. 2.10.2 shows the cirveuit for the oulpulb fifo,
Hote that the fifo status signala full anl enphv are made available

exteimally for both the input and oubyat Fifos,

2.11 Interrunt Strcture

Fignre 2,11.1 chows the interrunt

3
3

g
end

cirguit for hnoi

Hote thai interrupt level Oglwves no interript and level 7 gives &

3 e
non-maskable interrupt, The masis are active low and can inhibit inte
errupts an exzplained in sectinm 2,9.4.1. Ofcourse the rall dnterre

t o At
5 OLn wae

upt level is determined by software and previous inteormuph

usual manner. The 7413148 inserfaces dirsctly to the HCA3000 epu, and

+

iz used to priority encode encode interrupt reguests. The command sige
nals generate nm-masikable interrupts asz exzlained in sechion 2.9.2

CPUL gives greavest priority fo the local ogueue and so this iz asgwe

to lavel 6 { loga]

i

phy ), Similar reasoning bez led to the

remaining interTupt levels being

Y

2.,11.2 showa the intery

geguiaition ¢irouit, e voector nunbsrs usad ars

ﬁ‘
@D
2
on
@D
>
iJ
2
-
.—~e.-
o}
1

vectors altbhough avto-vectoring is not ussd, ig achisvsd by read-

ing in AL, A2, A3 az shown, which zivez vector numbers Fro

&4
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A wirvewwrap board was bulli to dntarface the proltot e

D
o
H
2
Q
o}
0
[—4
3
i

WL

element to the 3100 bus. This allovs The unit o be coaitrolled and

T

monitored Tor study purposes with the very convenient and well ‘mowm

-

CPH/Z80 system, although any $100 sysism can b used,

Tha eircult provides a good illustration of how the varicus hand-

e~

shalios are operated and of general device interfacing.

S el nemory Decoding

Addrens lines AZ-A15 are decoded by U1, U2 and U10. These addresses

mpat correspond Lo that set on the switceh banks., Note that the deviee

ig memory mapned, A0-AZ are decoded to give the overations defined in

table 3.1.1,

F.l,.2 Mving Comuends

by AZ-AlS. CFE2 is sment a command by writing to address Bage + 5. Such

actions will set US gonersting a non-mazskadls intermmt in the proce-

gaing elsnent. U9 remaing zot wntil the comman
[low element.Alternatively, U9 can be cleavred by any access o addresses
Jase + 0 for SFUL and Base + 1 for CFJ2. in internal status bit i3 ze

whenever a command iz pending,
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WH
d

EoADDREST R/ CPERATTON
© A2 A1 AD
)

c 0 0 B statusl read, clear
¥

kil ' commandl write with

0 0 1 14 i status? read, clesr command? interrunt

7 I command? writs with no intereunt
o 1 90 R o read output fifo, word SransfTer

ol

W ! lateh lower bybe for input fifo

o 1 1 R 1 resd hisher byte from laich

rig

s, ., kR ot
Mfo, word transfen

to o input

1 0 0 4 o statusl read, =et commandl interrunt

! |
§ T ; comuandl write with intarrunt
I 6 1 L - smhatus? read, set command? intarmant
: i conmend? interrupt
5 f
L1 X R ¢ read status informadtion
; |
; ! i : gz
; | i ! o aeTtion
i ! :

Table %.1.1 3100 Intexface Oparations



5.1

5,1,3 Neadinsg Dava~flow Status

Statusl ds read by reading from address Base + 0 {clearing commandl)

-

commandl ). Status? iz the same with *the addresaes

or Base + 4 (

Inerenonsaed by me,

sedod Writing to Invut Jusue

4.

A sixteen bit word must boe assenmbled in

hit 3100 wus. Thig iz achieved by wribting the LOTER byde to address

Base 4 2 which lalches the hyte., The sizbeen bit transfer is completed
by wrliting the HITITR byie o address Bass + 3 which then tranzfers
the entirs simteen bit word or token to the input gqueus, TL0 and ULZ

are used to ilmplement the handshalke by inserbting wait states until

the tolen has been writiten into the input gueue,

1.5 Reading Trom Output Qusue

L
-

A mixleen biv word muct be vread in two sitages by the 3100 svateonm,

but can be transfarred from The ouipud oueus in ome giage in a manney

similar %o the writing of an inpub word discussed above, The
bite te the interface board by reading Trom aldress

Baze + 2. A% the same itine, 2 byte goss Lo the 3100 bus whilst

the HIGH Lo Trom U5

byte is latchod ints U5, To read the UIGHIR by

& rzad sccess iz made to address Rase + 5,

31_06 T.:‘ iR et -h] ._'ltz tu.u

ot

An dnternal gtatus resis contains informatiom



shomt in table 3,1.6.

or Pase + 7. A write o either of

e atatus information iz accessed hy reading from address Bage + 6

Wy
N

-

41 PO s ) ol ER
cness adareszes has no effact.

s

oy
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E
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H

Commandl Tending

ey ey 4 T T -4
Command? Ponding

Input Pifo dmoly

Iaput ¥ifo il
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i Statusl Available i
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Cutpul

N £

Output

v and 12 v supplies to ii-



4.1

4, Hardware

4.1 5100 Interface Hardws

Megore 4,1.1 shows the boad layout for the 3100 interlface.

bogrd has been comstrached uning wire—vran.

Socket numbars and

asgignmenis correspond to those on the main procasszing elemen

o+

;
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5.1 SOFTWARS MODEL,

Mz oofiwars 1o haead nnan a madel af the element. The madel Sz g8lishtlw

PO T

different for boith CPUs. The elements in the model are the {PU, memory
.eprom and the I/0 ports.

5.1.1 CPU NS 1

ING 3 The input FIFO from the communicitions structure.

I0GATA s the input FIFO from the 20 cpuy.
PIPE : the output fifo to the 2°% ¢pU,
RE¥RESH : WRITE address that causes a burst refresh of RAM.

STATOUT : output port.
STATUS ¢ output byte containing the owrrent status of CPU.
CONTROL : byte contrelliing the hardware -
regset the THQ FIFQ
reget the PIPE FIFD
FPROM mapped in or oul,
4 bit intewrupt mask,

STATIE ¢ input port.

INPUT : input byte to CPU.
STATE : the state of the hardware , -

wihich FIFUs are smpty

which FIM)s are full
The total system 1s interupt driven. Action taken by the CPU depends
upon which interupts are active. Initerupts from highest 1o lowest

priority are: NI

TEGALG empty (maskable)
IHG empty (mzskable)
PIPE full {maskable)
LOCALQ full {maskable)
THG full

PIPE enpty
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5.3.1

CPU # 1 robeu

MAsE

DUODd O

COOFFF

DIFEFF

EFFEOS vd

FFEFO4 wir

FERFOL o
FFERG ¢ WY
FEFFQE vd
EFFFQE wy

Ry Jor R

BEMD EFROm

Ll END BRam

SUATIN

STRTOuT

1 6
REFRESH
LOCHLY
P1PE

M.S. bt LS bit
EPROM
‘\\
G
i
=7 =
jggrgpﬂg?_‘ & INPUT
$fg IETEE
clo Injr Ri@it"mm% STATUS
1 &z %E)’r"p HiE @
iRPur PIED DATH
FODRESS 2D REFRESH DATR 1GMORED
LD F1Eo DaTR
Pipef =150 DATH




5.1.2 (PU N2

LGCALY
PITE
ouUTy
REFRESH
STATOUT
STATUS

CONTROL

STATIN

IRFUT

9511DA T4

951l1lport

Interrupts from

9511

PIPE
PIPE
ouUrg

IOCALY

LOCATQ

5.1.2

as

the output FIFO tc the first CPU.

the input FILFO from the first CPU.

the output FIFO to ithe communications siructure.

as

READ address thet causes a burst refresh of RAM,

oo

output port.

ar

output byte containing current status of CPU .

Byte controlling the hardware -

ae

SVACK to 9511
reset 9511
reset the 0UTY & LOCAL FiFO=
EPROM mapped in or out
4 bit interrupt mask.
: input port,.
: input byte to CPU
; state of the hardware -
which FI{F0s are empty
which FI¥0=s are full
9511 requests service
9511 completedroperaficn
¢ PUSH /POP data on 9511 stack
: read status /enter command to a511

highest t¢ lowest priority ares

NMI

reguest

full (maskable)
empty (maskable)
full {maskable)
full (maskable)
empty
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CPU #2 mopeEL

RESS wex MAM IS M8 by LS &t
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5.2

5.2 INTERRUPT STRUCTURE.

The 6800C provides for seven levels of interrupts. O0f the seven one

is HON-MASKABLE and causes an interrupt every time the line is asserted.
The hardware is organised so thai only seven interrupts can be prodﬁced,
Each interrupt has its own level as indicated in the software model.The
NOWMASKABLE interrupt can be produced off the board y 1t is design to
help with the handshaking during dsta exchange / interrogation., This

interupt is normally associated with the INPUT port.

Most causes of interrupis are extern:l events. (The input gueue empty

for example) While the interrupt is being processed, it and any 1cwer.
interrupt is masked by the 68000. To allow lower priority interupts to

be effective, some interrupts are hardware maskable, This allows the 68000
to lower its priority again after recognisiﬁg which interrupt aonditiéné

are prezsent.

The software is designed so that the CPU trieg to yﬁwfbrm.the main loop
continuously. Interrupts break into this loop when this is not possible
or a section needs atiention. Using this procedure we minimize the amount
of time spent on polling FIFD status, the program automatically proceeds
with the most important task & the main loop need not consider what

the hardware status is.
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5.% Token Format,

€ 4R LA CRIN

DaTa ADDRESS E!N%Rg"%ﬂnﬂﬁ
m\w B
?? NODE RUMBER
| [ eremen
O {zero)
DBT A
TTMose SiGMiFICarr worDd ©F DETES
T = STRULURE D _"? THpE FEEVED LN oF DR
es CoPY # IF PRESENT
o - oo o EET NODE NUMBER
1456 L5G
ELEMENT

The format of the token begins with a 16 bit element number. This is
used by the communications structure to address the correct element.
Element numbers are sent to the output FLFO, but as they are "consumed"

BY the communications structure, do not pass to input FIFOs.

The first word rezd in from FIFOS contains - information about which
node the token is destined for, which input of 2 2 input node it is to

enter and if a copy mumber is present,

If the token is going to a node in a sub~graph the copy mumber follows.
The type and length 5f data proceeds the data,

To check the integritiy of the token & ZERD word ends the token. This
word ls not counted when computing the length of the data. The ZERO
word ensure that we have proper togen boundaries in the fifes . 4 betier
teéhnique is to send a 16 bit checksum, this is not incorperated in the
program, (The reascn is to keep the program simple at first to allow

debugging. A zero word gives guick and easy test for token boundaries,

which is useful when checking FIF0s manually,)




5.3.1

The following table cutlines the iypes of data that may be present in

a token.
TYPE DESCRIPTION
00 real number (%2 bits 9511 format )
01 integer, 2's complement 16 bits
02 integer, 2's complement 32 bits
03 bit siring
04 character string
chH ~ copy mumber
06 ocourrence
o7 link destination
08 destination
09 error {don't know)
10 stresam
14 node (a:node description )
15 program {used for loading pProgromns directly.to RAML )

5.3.1 Special tokens,

Node descriptions and program type of data is structured as shown in the
next diagram . The diagram shows the token from the type/ length of data
word. Note thai for the program node , that when the load address is

equal to gero this means that the code is relocatable., Alsc the program
node allows pogram lengths of up to 4kbytes, this in practice should be

less than 4 kBytes to ensure that the WHOLE token will fit in“the input FIFO.
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NODE TOKEH

5 CENGTH O
™PE reseed
I wm ol Reur vkt z 7 = LTESSL DATE
REGAL 1050 O Eﬁfh&ﬁ» wioln] Rescaved | FumoriOn
0=)1 roxeEN : :
Doy arxen Neobe jﬁi , o %m;)&w HNODE AT
‘g; : ﬁgﬁ present g TS mww%g_@%«smw OF DATH
= TRACE Ve — a—

2% DesTin Ao
(& PRESENT

;

NEXT TOREN

&R
O3] none ML B ER
ELEFENT NUMBER
6l5] Nobe  numaeR

ELEMEMNT pMumMBeR

DESTINAT 108

By

MO oF LIiTERBL DETH

b6 LaTERRL
D £
PRESENT

(¥ wons mean)

PROGRAT TOWEH

TOWEN

HEYRr

2eRo

lobit, CHECK Starn

v,
Lo

d

PROGE &M COMTINUED
ST word T LOAD
PO BRESS 1O rART LOBDNG (b SW)
ADDRESS TO STRRYT LOBDMNG {M5W)

£ [snoapAm [LENGTR OF PROGRAM < 5

b

b5y,

L5k



5.5.2

c\.,?,? Trmaa Af Nadea.

The list of node functions is given below. They are presented in sequential

order. i.c. type 0 - duplicate ; 1 - add

Duplicate Add Subtract Mul%iply
DVD DIV HEG ARG .
RET ENT SWY PIT
PIF PIP PRS MOD
EXP LEE ABS: SIN
£08 TAN ATH

SQT AND OR TP
BGV RQV NOT TSR
STR CLB £Q iy
LE G GE NE
SUC PRE BRA ‘ UNB
ORD CHR RND RN
FLT STORA GE CPT DEC
D STD YIC STC

For a more detailed description of the nodes refer to "FIO A Decentralised
Data Flow System " ,G.K. Bgan and {.P. richardson.

Svatem Nodes,

Element nodes 16319 to 1638% are reserved for gsystem functions. Nodes
defined are:

16383 :  Program store

16762 : Node store

16381 ¢ Error node
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5.4 CPU N2 1 Task,

The flow chart for the first CPU is given on the next page. The main
task of the CPQ is to preprocess the tokens. Tokens are read in frem
either the LOCALQ or INQ (IOCALQ has priority ) and passed through the
input map section of the data flow machine. If the token is directed to
a one input node, the token is passed directly to the second CPU. In the
case of two input nodes, tokens are stored.in a token store until tokens

for each arc are present,

The input map organised as a list of 4 bytes in sequence with the node
numbers. Because of this the node numbers should be gernerated sequentially
by the compiler. Three of the four bytes contain a link address to the
token store if the node has two inputs. The fourth by%e contairn infbﬁngtion
describing the node:
Node not present (has not been 1oadedj
ﬁode has one input
The node is the storage node.
2 input node and if any'mkéna are present,
There were three possible technigues to use o implement the token store,
g¢ that it would handle copy mumbers correctly.
1) Use a hashing table to hash into a linked list of tokens with the
same copy mumber
2) Use a binary tree or a partial binary itree to get torthe desire copy
number linked list.
3) Store all the %okens for the node as a linked list. When searching
for a copy number simply run through the Iist until the first token

with the desired copy number is found.
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DLIMULE LLOIS UL Uie Ua e Jiow maviiue Lave aliows vie b wisu Gupy LWEUSCo e
involved that usually only one and maybe two tokens are quened. This
makes the first two schemes uneconomical. The amount of storage required
to maintain a hashing table or the binary tree will be much greater than
the amount of storage required for the tokens. The execution time of the
simple linear search will be comparaile to the other methods when there

are not many tokens to search through.

Finally a enhenced version of the linear search method was adopted.

Instead of one linked list of all the tokens for a node, a doublely

linked list of linked list of tokens with the same copy mmber and node
destimations is used, The linked list of linked liste allows for quicker
searching, It should be a good improvement, especially when many copy

rumbers are active ( and so there would be a large number of tokens to search),

The cost in fterms of memory usage is minimal,

LAVYE SRRy
AT
FAP
- #' ﬂ“ﬁ TR i M
coPy Coby & '
’ H
MERT e | MERT i
ML '
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The doublely linked siructure allows searching for the correct copy
number to proceed in reverse, This will increase performance as the tokens
most likely to be matched first are on the lowest level. (e.g. in the case

of recursion the lowest graph is completed before the calling graphs are
completed,



5.4.1

5.4.1 Background Tasks.
Besides performing the foreground task the CPU must handle a lot of
background routines :

1) Manage.the memoxry

2) Communicste with the other elements and outside inputs

3) Quiput its status for analysis

4) Provide error handling (e.g. for parity errors etc.).

5) Manage interrupts and other exceptions,

6) Manage the FIFOs

7) Storing tokens when FIFOs overflow.

5:4.2 Memory Management,

Tokens stored in the token store ars continously changine, this ﬁeans that
the memory requir ments are changing. Storing and fetching of tokens
occurs randomly and we get an increase in entropy in the memory sitructure.
The difficulty is separating the useful information from the speﬂt garbage,
4 large number of itechniques were overviewed. Technigues involved heaps,
garbage collection and compaction routines, as well as some more simple
routines, A good compromise between efficient memory usage and fast

execution was difficult %o fingd,

The tgchnique decided upon is one were the memory is broken up into bins,
When memory is required a bin, which are of fixed length,is taken., Ussful
information is always linked inte the data structure. When sftorage ig ne
longey required it is put on 2 free list., Bins on the free list are availablé
to be used later. The free binsg are managed by linking them all together,
A free list poimter points to the first free bin which in turn sheuld be

linked to every other free bin.



Sed o2
Mo odvontamee af thic evetom fe that mvhama rallertinn ia trivial {linkine
the spent bin to the list) Memory is always available, It is fast.

The major disadvantages is that if an error does ccour anvwhere is the data

structure or in the linked list the result will be catastrophic.,

Another memory problem is where to store ﬁokens when F1¥0s overflow.
Wnat happens is that space between the input map and token store ig used
for this purpose. When memory is require by either the input map or the
token store, the memory ars=a is relocated. (orrect referencing to the

memory is achieved by using indexed addressing and having the relocation

stored in one of the registers,
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5.5 CPU N2 2 Tasks.

The second Cpu 's primary task is o execute the node fanction, The
foreground routine is siraight forward as indicated by the flow chart,
The only complication w«rises in the node store. The aim is to achieve
fest access of the node information without consw:ming masses of memory,
4 similar approach is used as that  for the memory mangement problem.
Nede nunbers are generated sequentially by the compliler., Initially
nodes are given a fixed amount of memory in which to fit. The node description
is accessed by & linear iransformation on the node mumber.
Address = Node mumber X init. node length ¢+ offsgaet,

It the node cannot fit into the initial amount of memeory, the node ig
linked into ¢n extension area where the remainder of the node ig gtored,
This method gives exiremely fasi access of most nodes,
To make full use of this method the initiai node length had to be carefully
chosen. This was set to 10 bytes and covers a vasi majority of the nodes.

2 Byte are for the node function

4 bytes are for the destination,

4 bytes are for a second destination (duplicate node is the most common)

for 16 bits of literal data

O
[

or for ths link to the rest of the description,
Alternatives to this scheme where:
1) use node number 2s address to node stere, limits the number of nodes
available,
2) Use a trenslation table. This always requires one level of indirection

to get to the node and uses a lot of memory for the translation table,

The background tasks for the cpu are similar o the first CPyU.
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PRODUCT DESCRIPTION DESIGN FEATURES

The Signetics 8X60 FIFO RAM Gontroller (FRC) is an address ang e 12-Bii FIFO Address Generator

slatus generator designed tOimplementahigh-speed/hégh-capadty * Data Rate Exceeding 8BMHz

First-1n/First-Out {FIFO} stack utilizing standard ofl-the-gheif * Asynchronous Read/Write Cperations

RAMs—see APPLICATIONS on the iast page of this data sheel. * Three-State Address Gutputs

The FRC can controf up to 4495 words of buffer memory; inter- » User-Delined Word Width

mediate bufler sizes can be selected — refer to the memaory length ® Specifically Designed for Use with High-Speed Bipolar RAMs
table anthe next page. Built-in arbitration logichandlesread/write (Adaptable for Use with MOS RAMSs)

operations on a first~-come/first-served basis. s TTL Input ang Cutpui

As shown in Figure 1, the FRC consists of:
* A 12-Bit Write Address Generation Counter (Countar #1) and a
12-Bit Read Address Generation Counter {Counter #2).

¢ 16mA Address-Drive Capabitity

® A 12-Bit Up/Down Status Counter (Counter #3). USE AND APPLICATION

* Tweive Three-State Address Drivers, * Interface Botween Independentiy-Clocked Systems
e Controf Logic. ' ¢ Buffer Memories for Disk and/or Tape

The two address counters, ¥1 and #2, respectively, are used to * Data Communication Concentraiors

genearate write and read addresses; the outputs of these counters
are muitiplexad to the thres-state address drivers. Counter #3
Qenerates full, empty, and half fuil status.

o

CPU/Terminal Buffering
DMA Applications
CRT Terminals

&

PACKAGE AND PIN DESIGNATIONS

PIN MO, IDENTIFIER EUNCTION
1 Vagp Supply voitage for internal circuits.
’ : 2,14, 21 GND Circuit ground.
3 : St Shift-n request for write cycle; active-low input,
GND—] 2 27 k- A
. 4 8] Shift-Out request Tor read cycle: active-low input.
3] Ee '
513 E-Az 5 RESET Active-low master reset input.
m‘g,ﬁ:_E 24' Az 6 CE Active-low chip enabla input.
£
E:“E—E;: = E-j E}"A“ 7 WRITE  Write cycle address valid: active-low autput,
o | e
WRITE-{ 7 % g ) E}—As 8 READ Read cycle address valid: active-low cutput.
p- o [0
““D—E o E E 2‘] “GHD 9 FULL Memory full status output; also, override input capability.
byad Active when high.
FULL— 8 ey E—Aﬁ g
| & . - active-hi
HALF FULL 418 E“M 10 HALF FULL Memory half-full status cutput; active-high,
Empry—f17 E—AE 11 EMPTY Memaory empty status cutput: alsa, averride input capabiiity.
Active when high
L5112 E}—As
12 L31 Least significant bit {L SB} of the rmemory length select input.
Ls2—13 EI'_A’D
13 .52 Most significant bit (MS3SB) of the memory length sefect input.
GND 14 IEP—Aqy
15-20 AﬂvAO Three-state address outputs: Ag = LSB,
22-27 :
28 VCC Supply voltage.

Signetics _ 3
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[ S5 - = WHTTE
LS b
ford = READ
ey ] HEX
& CONTROL — EMPTY
. > LOGIC
RESET — HALF FULL
— S FULL
THREE.STATE
ADDRESS
DRIVERS
D> g
D- S—
| e A
L~ 2
s COUNTER p3 M — A
(STATUS} L~ 3
ADDRESS ™~ o Ag
MULTIPLEXER 1
™. - Ag
V
COUNTER#1 | ., {} — Ag
- {WRITE
ADDRESS SR -D_ A7
GENERATION)
D’7 - Ag
CouNTER#2 | 4, D~ 7o Ag
(READ .
ADDRESS - %—-{> m A1
GENERATIONY
4’ > — Ay

Figure 1. Functional Block Diagram of FIFO RAM Controller

FUNCTIONAL OPERATION

The FRC operates in either of two basic modes—write into the
FIFQ buffer memory or read from the FiFQ buffar memory. These
WO operations are described in subsequent paragraphs and the
complete sequence is summarized in Table 1. Typical Write/Read
timing relationships, arbitration logic, and chip-enable control are
shown in the TIMING DIAGRAMS. )

FIFO BUFFER MEMORY —WRITE CYCLE

Yo pertorm a write oparation, 80 must be high and 5T must be low.
When these conditions exfst and othercontrol parameters {Table 1}
aresatisfied. the write address in Counter #1 (Figure i) isoutput to
the address bus via the multiplexer and the WRITE output goes fow.
{Note. Normally, the WHITE output goes fow after the address
cuiput becomes stable—refer to WRITE CYCLE TIMING DIA-
GRAM. The WRITE output may then act as 2 write or chip enable for
the RAMS that are used io implement the memory.)

Whenthe write cycle is ended (8715 forced high). the WRITE output

goes high, the address output buffers return to a high-impedance )

state. Counter #1 [Write Address Generation} and Counter #3
(Status) are both incrementad, and Counter #7 {Read Address
Generation} remains unchanged.

FIFO BUFFER MEMORY—READ CYCLE

To perform a read operation, 8t must be figh and 80 must be fow.
‘When these conditions exist and other control parameters{Table 1)
are satistied, the read address contained in Counter #2 (Figure T}is
output to the address bus and the BEAD culput goes iow.

Whenthe read cycleis ended (30 is forced highy, the READ cutput
goes high, the output bufers return o a high-impedance state,
Counter 42 (Read Address Generation)ésincremeﬂ!ed, Counter #3
{Status) is decremented, and Counter 4 (Write Address Genera-
tion) remains unchanged.

CONTROL LOGIC

To prevent the possibility of operationat conflicts, 51 and 30 are
treated on a first-come/first-served basis; these two input signals
are controfted by internal arbitration logic—referto the applicable
TIMING DIAGRAMS and AC CHARACTERISTICS for functional
and timing relationships. If one cycle is requested while the ather
cytieisinprogress, the requested cycie will commence as soon as
the current cycle is compliate (provided other control parameters
are satisfied).

As shown in the accompanying diagram, the buffer length of the
FIFC memary can be hardware-selected via the Length Select
{LS1, L82) inpuls. When tess than themaximum lengthis selected,
the unused high-arder bits of the address outputs are held in the
high-impedance state.

MEMORY LENGTH

.51 .52 r HALF LENGTH FULL LENGTH
L L 2048 4086
H [ 32 64
L H 512 1024
_F‘j__%__mﬁrl___ﬁ 128 256

Generation of the status output signals (HALF FULL, FULL, ang
EMPTY}isafunctionof the Length Select (LS1, L32)inputs and the
current state of Status Counter #3. in general, the status oulputs

refllect the conditions that follow:

* HALF FULL-this status oulput signal goes high on the pos"ilive-
going edge of 51if the MSH of the selected length of Counler #3
becomesa™1" TheHALFFULL signatwili gofrom high-to-tow on
the positive-going edge of 505 when, afler the read cycle, the

length of Counter #3 changes from “100..00" to

011117, For example, if the selected memaory tength is 256

words (FULL = 258, than HALF FULL = 128 words: hence, on the

setected

\.
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positive-¢oing edge of 3O when Counter #3 reaches a count of
127, the HALF FULL, ottput will go from high-to-low.
* FULL —this signal serves both as a status oulput and as an
" overrideinput. The FULL signal goes high onthe negative-gaing
edge of STif alt bits of Counter #3 {or selected tength are equaitlo
"1 The FULL output goes from high-to-low on the negative-
going edge of 5G.
® EMPTY ~this signal also serves as a status output and as an
overrida input. On' the negative-going edge of 50. the EMPTY
outputisdriven high if Status Counter #3 contains a value of "1,
onthe positive-going edge of 50, the counteris decremented to
“0". The EMPTY nutput goes from high-to-fow on the negative-
going edge of 31,
Once the FULL signal is high, further Writa Cycle Requests (BT =
tow) are ignored; similarly, once the EMPTY signalis high, furthar
Read Cycle requests (80 = low} are ignored. HMowever. to accom-
modate diversified applications, the FULE and EMPTY oulputs are
open-collector with on-chip 4.7K passive pull-up resistors. if either
the FULL or EMPTY pins are forcad jow via external control, the
corresponding write or read cycle may resume (provided the

Table 1. Summary of Oparation

external FULL or EMPTY inputis held low until the corresponding
WRITE or HEAD outputgoeslow) andthe address/status counters
will continue normal operation®—refer to Tabte 1.

The user must force the RESET input fow to initialize the chip.
{Note. H the RESET signalis driven jow during awrite or read cycle,
the address output may have a short period of uncertainty before
assuming a high-impedance state.) The following actions ocour
when RESET is active;

+ Allinternal counters are sat to "G".

* All address culputlines ars forced to the high-impedance state.
& HALF FULL and FULL outputs are forced jow.

s WHITE, READ, and EMPTY outputs are forced high.

When CE is high, the address output Hines are forced 1o the high-
impedance state, further write or read cycie requests are ignored,
and all counters remain unchanged, If GE switches fram Jow-{o-
figh durinig a write or read cycle, the cycle in progress is always
completed before the disabled state is entered. For detaits of these

operations, refer to the timing information shown later in this data

sheet.

“Hefer to Note on inside back cover

INPUTS IRITIAL RESULTING QUTPUTS
RESET | CE [ §T | 5B CONDITIONS WRITE | BEAD ADDRESS BUS COMMENTS
L XX X H H Hi-Z Reset all counters ta 0,
H X |HIH H H Hi-Z No action )
H L M FULL =L L H Write address from  [Shift into FIFO stack (Write Cyele)
Ctr 1
H L LT H | FULL=H H Hi-Z Stack full {(Write inhibited)
H FHoF L EMPTY =L H L Read address from |Shift out of FIFO stack {Fead Cycle)
Ctr 2 .
H L H | EMPTY = H H H Hi-Z Stack empty (Read inhibited)
H Y l Write cycle in progress L H Wrile address from  {Continue write cycle {untit 5l goes high)
Cir #1
H L l L | Mead cycle in progress H L |Read address from  [Continue read cycle {until 50 goes high)
Ctr 42
H L L] L | EMPTY=H L H Write address from  {Shift in (Read inhibited)
Cir #1
H Ll L] FulL=H H L Read address from  [Shift out {Write inhibited)
Ctr #2
H L T H 1 Write cycle in progress T H Goes to Hi-Z increment write address counter #1 and
status counter #3
H L H T Aead cycie in progress H T Goes to Hi-Z Increment read address counter #2¢
decrement status counter #3
H L T L { Write cycle in progress T l Changes to read Increment write address counter #1 and
{Note 1) address from Ctr #2  |status counter #3
H Ll L T Read cycle in progress l T Changes to write Increment read address counter #2;
{Note 2} address from Ctr #1  idecrement status counter £3
H H ||+ H Mo ez Chip disablad
H HoiH H H {Hi-Z Chip disabled
H T L| x| FULL= L- write cycle L H Write address from  |Continue write ¢cycle {until 81 goes highy
begun (Note 1) Ctr #1
H T X} L | EMPTY = L; read cycle H L |Head address from  |Continue read cycle (until 53 goes High)
begun (Note 2) Ctr &
H l Ll L) FulL =t - — - This set of conditions should be avoided
EMPTY = L

NOTES

1. Wrn oyele wilt occur :rei:her“-}?goeslow beforegagceslowor EMPTY = Hwhen F:Tf'goes ow

2. Read cycle wilt occur if oither 53 goes fow before 5T gaes fow or FULL - K whan Bl ooes

Signefics
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FIFO RAM CONTROLLER (FRC) 8340
e ~ YED R _E\’, i n\z
DC ELECTRICAL CHARACTERISTICS ADSOLUTE MAXIMUM RATINGS
PARAMETER DESCRIPTION RATING | UNIT
CONDET%QNS: N Voo Power Supply Voltage +7 Vde
Commercial— Military — Vg Supply Voltage for Internal
VCC = 5.0V {z5%) VCC =50V (;*.‘.70%)1 Circuits +4 Vde
Vpg © 1.5V (25%)] Vgp = 1.5V (£10%) ViN Input Voltage +5.5 Vdc
O°C::’TA5?D°C ~55°CsT~2125°C Vo Off-State Cutput Voltage +55 Vdc
TsTa Storage Temperaiure Range | -65to+150 °C
LIMITS (COMMERCIAL) LIMITS {MILITARY)
PARAMETER DESCRIPTION TEST CONDITIONS BN TYpP? MAX MIN TYP?2 | MAX JUMITS
Vi High level input voitage Note 3 2.0 vV
Vie Low level input voltage 0.8 W
Vor High level output voltage:
All outputs except FULL
and EMPTY Vg ® Min tng = -2.6mA 27 3.5 v
VOL Low level output voltage:
. Address Bus, WRITE,
READ Voo = Min g = 18mA 0.38 0.5 v
HALF FULL, FULL,
and EMPTY Voo = Min g = 8BmA 0.35 0.5 v
VCD Dicde clamp voltage:
All inputs except FULL )
and EMPTY Voo = Ming len = ~18mA ~1.51 0.8 v
i High level input current:
Al inputs except FULL
and EMP;TY VCC = Max; VIH =27V 0.1 20 uA
FULL ang EMPTY VCC = Ma){: ViH = Z2.7V; Btack
FULL or Stack EMPTY
(Nute 3} -470 -750 ph
he Low level input current;
All inputs except FULL
and EMPTY Voo = Maxi V), = 0.4V 017 -04 mA
FULL and EMPTY Voo = Max; VL = 0.4V, Stack
FULL or Stack EMPTY ~1.12 -1.8 mA
lop High level ocutput current-
FULL, EMPTY VCC = Min; VOH = VCC (mm} . 15 100 pA
lozH High-Z gutput current
{HiGH]}; Address Bus
{Three-Stata) Voo = Max; ¥y yy = 2.4V 0.9 20 A
IOZL High-Z output current '
{(LOW); Address Bus
(Three—S!ate) VCC = Max; VOUT =G5V 0.6 -20 MA
I Input leakage current;
All inputs except FULL
and EMPTY VCC = Max; V= 5.5V 0.03 0.1 mA
log Short-circuit oulput current
Address Bus and
HALF FULL VGG = Max; Vg = OV ~15| -68 ~100 A
WRITE, READ Voo = Max: Ve =0V -401 -73 100 mA
leo Supply current from Voo Voo © Max; Address Bus
= High~Z 81 140 mA
lap Supply current frem Voo Vo = Max - 63 85 mA

NOTES

1 VBQ canbeoblmsed iromareguiated 1.5V supply. alternately, proper supply current (1
Can be obianed by connecung a 58-ohm {2 5% 0 5 Wi rgsislorn senes with VCC asshown

later in the APPLICATIONS ciagram.

2. Typical imits are VC(‘
ap! 3 Becauteo!lthe internal pufl-up resistor on
reciuired (o force the required voltage

Signetics

ROV Y, 52500

the FULL and EMPTY pins. a nogative current is

(
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FlrO RAM CONTROLLER (FRC) 8X60

( CONDITICNS: Commercial— Millitary —
Ve = 50V (15%) Vg =50V (=10 MOpInaTsee
Vpp = 1.5V (z5%) Vg = 1.5V (210%) GIRCUITS
AC ELECTRICAL CHARACTERISTICS 0°CSTR=70°C “85°CsT om0
REFCRENCES LIMITS (COMMERTIALY LIMITS {MILITARY)
PARAMETERS FROM TO TEST CONDITIONS MIN [ TYP | MAX | MINT TYP | MAX UNITS
PULSE WIDOTHS
T S low = el FULL = Low {override infipit) 45 | o7 ns
Ty 4 ST high ' 451 15 Stack approaching FULL (Note 1) 25 13 ks
T 50 tow 188 ?S"G EMPTY = Low {override inhibit) 45 24 ns
Ty 53 high +50 V50 Stack approaching EMPTY {Note 1) 30 16 As
WRITE CYCLE TIMING
Ty Address stable delay st} An FULL = Low; §0 = High i 40 50 i ns
Taw Address lead time An JVWHATTE (5 HERE ns
T sy WEITE outpul active datay 15T |VATTE [FULL = Low; 50 = High 35 51 70 ns
Ty WHITE output inactive gelay $8i HARITE . 3 10 ns
wmﬁw_\ Address lag time TV’?ET?_E An o, 25 24 : ns
T, 1 Addrass output disabie $E An(Hi-Z} 37 50 ns
TLF FULL status active detay s PFLULL Stack approaching FULL; §0 = High 33 55 ns
T g EMPTY status inaclive delay J,‘")"T iEMPTY Stack = EMPTY 40 65 ns
Tresy BALE-FULL status active detay | 151 fHALF _
FULL Stack approaching HALF FIJLL 30 45 ns
- Towy WHITE outout active after read $E0 LW?@ Both 51 & BEAD = Low ’ 74 100 s |
Q READ CYOLE TIMING o - .

- Tpyp Address stable delay S0 An EMPTY = Low,; 51 = High ' 40 50 ns
Tap Address lead time An lm—'ﬁ 0 2 ns
Thap FEAD output active delay SG  |JFEAD | EMPTY = Low; &1 = High 30 | 48 | 70 ns
Togmbmput inactive delay 150 ARERD 5 10 ns
Tha Address tag time tREEDS | An : 25 az ns
Teyy Address output disable ? 50 An{Hi-Z) 37 50 _ ns
Tog EMPTY status active detay JE0 TEMPTY | Stack approaching EMPTY; Sl=High a8 55 : ns
Toe FULL status inactive defay 50 jJFULL | Stack =FULL 38 55 : ns
Ty HALF-FULL status inactive delay f:‘i—ﬁ lHALF

FULL Stack exactly MALF FULL 54 75 ns
Lr READ output active after write TQ iﬁé_r’fﬁ Both S0 & WRITE = Low 70 95 ns
CHIP ENABLE TIMING (WRITE)
Trypyy Chipenable hoid time? k) tcE FULL = Low; 53 = Hign 10 1 ns
WTSEW Chip disable setup time? T(—:& 18 FULL = Low; SO = High 10 1 ns
Tpey Chip enable defay time JCE JWATTE | FULL = tow; T = Low; 8 = High 69 95 ’ ns
CHIP ENABLE TIMING {READ}
Theg Chip enable hofd time? 156 4TE EMPTY = Low,; 5F = High 10 1 s
Tepp Chip disable setup timed e llso EMPTY = Low; BT = High 10 1 ns
Tpep Chip enable delay time +CE JRERT | EMPTY = Low: B0 = Low; 57 = High 64 95 ns
RESET TIMING '
Tep RESET recovery t FESET ,LW".E{TT_? &= tow 57 80 ns
Tht RESET pulse width (fow) | REGET {{iTSE 15 B s
FULL/EMPTY OVERRIDE TIMING: -
< Tpyy Override Recovery for FULL ,i FULL ‘L WRITE | Stack = FULL: ST = Low: §D = High 70 100 ns
Tep Cverride Recovary for EMPTY LEMPTY [VREAD | Stack = EMPYY: 86 = Low: 51 - High 65 | 5 ns
MOTES 7. The eadlest rising edge of TE such that the WIRITE or FEAD output always occurs
1. Buch inat write/read request s inhibited alter stack becomes luil/empty 3. The jatest nsing edge of CE such that the VWE T £ or BEAL DUIPUL MEVET DCCuls

Signatics ' . 7
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TEST LOADING CiRCUITS
APPLICABLE PINS: WETTE (7), READ (8}, HALF FULL {10} AFPLICABLE PINS: Ay, (15-20, 22427)
TEST POINT  ver TEST POINT Vee
Ry Ry
{Nole 3} 1K
FROM ouUTPUT - CUTPUT SWITC
UNDER TEST ¥ w H
STATE POSITION
FROM om'pur: FROM TO 52
ey UNDER TESY St —
—-’— 30pF > Low. High Closed Closed
i High Low Closed Closed |
CL - T .
1DDpF—’— High Hi-Z Closed Cioses{_ﬁ
A Low HI-Z Closad Ciosed
== e S AL AL
Hl-2 High Open Ciosed
AT
APPLICABLE PINS; FULL {5} AND EMPTY (i) Hi-7 Low Clossd f1pen ;
TEST POINT Ve
. 52
AL
6251}
FROM QUTPUT -
UNDER TEST
oL NOTES
30pF 1. In all cases C’L ncliudes probe and fig cagacilance,
I 2. At diodes are TN918, 1N3064. or equivalgnr,
= 3. For HEAD and WHITE outputs, HL =280 ohms: for HALF FULL Quiput, FEL = 2K ohms

AC TEST WAVEFORMS

BPuT

OUTPUT EMABLE ;
CONTROL {Active —fV Ve
Low fnpul) . : '

e S

3-STATE ENABLE TIME TO LOW LEVEL
AND DISABLE TIME FROM LOW LEVEL

PROPAGATION DELAY
{Typical Examplea)

~Fve
Lea— t M

I i
DUTPUT
{nverled) VM Vs
e Y Voo

Nole

Pulse widths and Setup/Hold times

are maasured using the same reference
poinis as above wavelorm,

3-8TATE ENABLE TIME TO HIGH LEVEL
AND DHSABLE TIME FROM HIGH LEVEL

av
OUTPUT ENABLE \
CONTROL (Active Vi

Low input) L
1 1
~ed tpry b 3! PHZ a- o5V
EHl
1 3T Tt Vou
ouTPUT v ~— -~ 15v ouTeuT
Tl oy

Signeiics

o~~~



~~

N

MARCH 1081

FIFO RAM CONTROLLER (FRC)

8560

TIMING DIAGRAMS

WRITE CYCLE TIMING

READ CYCLE TIMING

# OF ENTRIES

TN STACK ~ 0= ] 42-1—»

gl N wl
iﬂbﬂ% e . tH i E“ ~= oL E K
TR t R
i ' t !
et ampetawsy tyr betpamtabas] | tor
; : P ! ! ! !
: S oy T -
ADDRESS - P RN T ;\:,"/
| 1 t H T . t
d bty s e e toaR—] ;"“DR"’"{“" tha x|
1 ! 3 :
WRITE jﬁ: j(‘

STATUS GUTPUT TIMING-WRITE

e —

STATUS QUTPUT TIMING-READ

¥ OF ENTRIES N-1

N
1M STACHK "N e wz-a— -4~—-E—-!v+»- g |

- e pee ) t ’ ; ' —] 'OF:“;‘”"
] S
EMPTY 3{' 2 : 5 ! EMPTY ! " i 3 +
: —n-i VHEH feem . ! k;-l —tn] tppy, o <
. 1 I I " -
HALF FULL —Fe ' HALF FULL t -
< ] ALF e >l o fee e
H g
Pl TC ()Cl - oL ' it ; '(.{)
CHIP ENABLE TIMING READ™®
CE ji
; toen /1 '
A o i
50 b / -—\i-- ! /
3
"“‘“{ His»sn
L H
s S\ sy [
" Frhe rising edge of CE should not eecur within
10-nanoseconds belore or ailer a Ialling edge
of 5 or 50.
CHANGE OF CYCLE TIMING FULL OVERRIDE TIMING RESET TIMING

RERD

ADDRESS Ty

WEITE tFw‘t / AESET

}-tm«%a—-i
! FORCED LOW
FULL %- - gy USER WAITE

EMPTY OVERRIDE TIHMING
5c \ f
e S o

s
.- FORCED LOW
EMPTY jr - BY USER

_ High-impedance state

.% Changing data
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FIFG RAM CONTROLLER (FRO) 8X60

APPLICATIONS

IMPLEMENTATION OF A FIFO BUFFER USING THE 8X60 AND HIGH SPEED BAM
-5y
BEIN15%)
0.5W =
REQUEST
TO WRITE DATA Ve Voo GND s . . o
INTO FIFO BUFFER — -0 5y A R S e RS
HEQUEST —— WRITE CYCLE
TO READ DATA —{F 5] m WRITE A A
FROM FIFO BUFFER P e ACKNOWLEDGE
= READ b READ CYCLE 2
BUFFER LENGTH § ~ 71T 0dJ READ ACKNOWLEDGE - O{WE ADDREse STEL S
SELECTION Xo& yarp S
L&z ® b FuLy P~ BUFFER HALF.
S FULL STATUS RAM RAR
ENABLE FIEQ . ~f == & FULL |ret—y BUFFER FLLL
CONTROLLER STATUS ——N - T,
s ﬂr%:a*y Div  Dour CAMN  DouT R
RESET FIFO —p(¥ RESET EMPTY pa—-3 BUFFERR EMPATY [P
COUNTERS STATUS
OUTPUT
DATA
DATA
@
o
-]

USING 850 WITH HIGH-DENSITY MGS RAMs

DELAY TO EXTEND ADDRESS HOLD TIME
/AFTER THE RISING EDGE OF WE

WRITE CYCLE o] DELAY
REQUEST = {THD)
<8 ADDRzss MEEERES e
BX60 P
EXTEND apDRESS | FIFD RAM WE AnbrESS Ry
SETUP TIME CONTROLLER )
¥ BEFGAZ THE HAM | —— 06 & o s o
~ EALLING EDGE , T ———
DELAY OF W2 ) 9 Dy Bayr ?A%%%%L@%Wﬁé
(Ten) * O WhITE :
;
Dg 3

WRITE CYCLE ¢§\ ,ﬁé

REQUEST

m_____,._ﬁ% TE«—MM-*HM e
\ ' .

e \

T R— : Y\
l \

EXTENDED ADDRESS EXTENDED ADDRESS |
SETUP TIME HOLE TIME 1
(RAM} —3'L —%

ADDRESS

-
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FIFO RAM CONTROLLER (FRC)

axX60

CRDERING INFORMATION
COMMERCIAL— MILITARY —

Order_Number: NEBXBON {Parts not Yet Availabte)
Packaging information: Heter to
Signetics price list
Supply Vottags: SV (25%)
Operating Temperature Range:
C°CET,=70°C

PACKAGE CUTLINE

N Package {Plasiic)

LEAD NO.1

i\{\f\ﬁﬁﬁ{\ﬁﬁhﬁﬁfﬂ‘

O d 14,10 { 5551
13.55 [ 648)

CUUTUTUTUUUTY |,

35,86 [1.455] 0.51 {.020)

35 78 {1.4a0) 1, 15490610) [1931075) "
1 14.99 15801 {165 L0G5]
- 2541.155)
’ FTEE LB : o
\ ) T e | 0.3 {018 a t
j L! 1. j EVAATOR
13200521 o [ I A 17.65 1.695)
ISR e T r.__
TAZ LGS i . i v 1524 {.600)
053 1.021) 279 (1304 2.36 1.085) (ize .
638 LO15} 2775 T UST 1.65 {.065}

MNON CUMULATIVE

Note

itthe EMPTY or FULL statuslineis averridden (forced low externally)
and transfers are performed beyond the normal buffer boundaries, the
EMPTY status output may not occur when expected.

The sequencing of Status Counter #3 is not dependent upon the
selected buffer length (LS1 ang LS2). After overriding EMPTY or
FULL, the 12-bit Status Counter may be displaced by a multiple of the
selected buffer length, modulo 4086, The EMPTY status becomes
active only when the Status Counter conlains exactly the value "1"
{with eleven leading zeroes). If the maximum buffer length (4096) is
selected, the EMPTY status wilt always function properiy.

The FULL status output is generated with respect to the seiected
buffer length (LS% and LS2) and will always ococur when expecled.

Signetics
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AMO511A

Arithmetic Processor
Advanced Micro Devices

DISTINCTIVE CHARACTERISTICS

2, 3 and 4MHz operation

Fixed point 16 and 32 bit operations

Floating point 32 bit operations

Binary data formats

Add, Subtract, Muitiply and Divide

Trigonometric and inverse trigonometric functions
Square roots, logarithms, exponantiation

Fioat to fixed and fixed to float conversions
Stack-oriented opsarand siorage

DMA or programmed YO data transfers

End signai simplifies concurrent processing
Synchronous/Asynchronous operations

General purpose B-bil data bus interface
Standard 24 pin package

+12 volt and +5 velt powar supplies

Advanced N-channel silicon gate MOS technology
100% MIL-5TD-883 reliabifity assurance testing

@8 & O 20D 8 B R SO LT H O ¢

GENERAL DESCRIPTION

The Am3511A Arithmetic Processing Unit {APU) is a monolithic
MOS/LST device that provides high performance fixed and
floating point arithmetic and a variety of floating point
trigonometric and mathematical operations. It may be used to
enhance the computational capability of a wide variety of
progessor-oriented systems,

Al vansfers, including operand, resulf, status and command
information, lake place over an 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and a ¢command
is issted to perform operations on the data in the stack. Re-
sults are then available to be retieved from the stack, or addi-
tional commands may be entered.

Transfers to and trom the APU may pe handled by.the
associated processor using conventional programmed 1O, or
may be handled by a direct memory access controfler for im-
proved performance. Upon completion of each comimand, the
APU issues an end of execution signal that may be used as
an interrupt by the CPU to help coordinate program execution.
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ORDERING INFORMATION

Package Ambient Baximum Clock Frequency
Type Temperature 20Hz 3MHz 4MHz
0°C = Tp = +70°C AmMASTTADC Am9511A-1DC AmB5S11A-40C
b Hermetic DIP =40°C = Ty = +85°C AmIs11AD! AmMasSttA-1DI o
g ~55°C < Ta = +125°C | AmI511ADM AMI5T1A-1DM
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INTERFACE SIGNAL DESCRIPTION

WCC:. -3V Power Supply
VDD - 12V Power Supply
¥YSS: Ground

CLK {Ciock, Input)

An external iming source connected to the CLK input provides
ihe necessary clocking. The CLK input can be asyhchronous to
ine RD ang WR control signals.

RESETY (Reset, Input)

A HIGH on this input causes initialization. Reset terminates any
operation in progress, and clears the status register to zero. The
internal stack pointer is initialized and the contents of the stack
may be affected but the command register is not affected by the
reset operation. After a reset the END output will be HiGH, and
i the SVREQ output will be LOW. For proper initialization, the
| RESET input must be HIGH for atteast five CLK periods following
"1 able power supply voitages and stable clock.

C.D (Command/Data Select, Input)

The £ D input together with the RD and WR inputs determines
the type of transfer to be performed on the data bus as follows:

C.BiRD |WR Function

L J H Fush data byte into the stack
L L + . Pop data byte from the stack
H H L Enter command byte from the data bus
H i H Read Status
X L. L tUndetined

Lo~ LOw

H = HIGH

x = DON'T CARE

END (End of Execution, Cutput)

;A LOW on this output indicates thal execution of the current
~mommand is complete. This output will be clearad HIGH by ac-
. aling the EACK input LOW or performing any read or write
Operalion or device initialization using the RESET. If EACK is
:?ed LOW. the END output will be a puise (see EACK descrip-
tion}. This is an open drain output and requires a pull up fo -5V,

Reading the status register while a command execution is in
progress is allowed. However any read or write operation clears
ihe lip-fiop that generates the END output. Thus such continu-

ous reading could conflict with internal togic setting the END
fip-fiop at the compietion of command execution.

EACK (End Acknowledge, Input)

Thls nput \lvhen LOW makes the END output go LOW. As men-
tioned eariier LOW on the END output signals completion of a
command execution. The END output signal is derived from an
miernal fip-flop which is clackad at the completion of a com-
mand. This {lip-flop is clocked to the reset state when EACK is
LOW. Consequently, if the EACK is tied LOW, the END output
will be a pulse that is approximately one CLK period wide.

SVREQ (Service Request, Output)

A HIGH on this output indicates completion of a command. in
this sense this oulput is same as the END output, However,
whether the SVREQ output will go HIGH at the completion of a
command or not is determined by a service request bit in the
cormmand register. This bit must be 1 for SVREQ 1o go HIGH.
The SVREG can be cleared {ie, go LOW) by activating the
SVACK input LOW or initializing the device using the RESET.

Also, the SVREQ will be automatically cleared after completion
of any command that has the service request bit as 0.

SVACK (Service Acknowledge, Input)

A LOW on this input activates the reset input of the flip-flop
generaling the SVREQ output, If the SVACK input is perma-
nently tied LOW, it will conflict with the internal sefting of the
fiip-fiop 1o generate the SVYREQ output. Thus the SVREQ indi-
cation cannot be relied upon i the SVACK is tied LOW.

DBO0-DB7 (Bidirectional Data Bus, Input/Output)

These eight bidirectional lines are used to transfer command,
status and operand information between the device and the host
processor. DBO is the least significant and DB7 is the most
significant bit position. HIGH on the data bus line corresponds to
1 and LOW corresponds to 0.

When pushing operands cn the stack using the data bus, the
least significant byte must be pushed first and most significant
byte last. When popping the stack to read the resuit of an opera-
tion, the most significant byte will be available on the data bus
first and the ieast significant byte will be the last. Moreover, for
pushing operands and popping results, the number of transac-
tions must be equat to the proper number of bytes appropriate
for the chosen format. Olherwise, the internal byie poirter will
not be aligned properly. The AmS511A single precision format
requires 2 byles, double precision and floating-point formats re-
quire 4 bytes. '

CS (Chip Select, input)

This input must he LOW to accomplish any read or write opsra-
tion to the Am3511A,

To perform a write operation data is presented on DB through
DBY lines, C/D is driven to an appropriate level and the CS input
is made LOW. Hawever, actual writing into the Am3511A cannot
start untit WR is made LOW. After infliating the write operation
by a WR HIGH to LOW transition, the PAUSE outpul will go
LOW momentarily (TPPWW),

The W8 input can go HIGH after PAUSE goes HIGH. The data
lines, G/D input and the TS input can change when appropriate
hold lime requirements are satisfied. See write timing diagram
for details.

To perform a read operation an appropriate logic level is estab-
fished on the C/D input and CS is made LOW. The Read opera-
ticn does not start untii the RD input goes LOW. PAUSE will go
LOW for a pericd of TPPWR. When PAUSE goes back HIGH
again, it indicates that read operation is complete and the re-
guired information is availlable cn the DB0 through DB7 lines.
This information will remain on the data lines as long as AD input
is LOW. The RD input can return HIGH anytime afier PALGE
goes HIGH. The CS input and C/D inputs can change anytime
afier RD returns HIGH, See read timing diagram for details.

RD {Read, Input)

A LOW on this input is used to read information from an internal
location and gate that information on to the data bus. The CS
input must be LOW to accomplish the read operation. The C/D
input determines what internal location is of interest. See C/D,
€8 input descriptions and read timing diagram for details. If the
END output was LOW, performing any read operation will make
the END output go HIGH after the HIGH to LOW transition of the
RD input {(assuming CS is LOW).




WR (Write, Input)

A LOW on this input is used to transfer information from the data
bus into an internal tocation. The ©5 must be LOW to ac-
complish the write operation. The C/D determines which internal
location is 1o be written. See C/D, ©S input descriptions and
write tming diagram for detalls.

If the END output was LOW, performing any write operation will
make the ENDG cutput go HIGH after the LOW to HIGH transition
of the WR input (assuming C8 is LOW).

PAUSE {Pause, Cutput)

This cutput is a handshake signal used while periorming read or
write transactions with the Am4511A. A LOW at this oulput indi-
cates that the Am3511A has not yet completed its information
transfer with the host over the data bus. During a read operation,
after CS went LOW, the PAUSE will become LOW shortly (TRP)
after RD goes LOW. PAUSE will return high only after the data
bus containg valid output data, The CS and AL should remain
LOW when PAUSE is LOW. The RD may go high anytime afier
PAUSE goes MIGH. During a write operation, after CS went

(TPPWN) after WR goes LOW. Since the minimum of TPPWW
is 0, the PAUSE may not go LOW at afl for fast devices. WR may
go HIGH anytime after PAUSE goes HIGH.

FUNCTIONAL DESCR¥PTION

Major functional units of the AmB8511A are shown in the block
diagram. The Am95T1A employs a microprogram controlied
stack criented architecture with 16-bit wide data paths.

The Arithmetic Logic Unit {ALU) receives one of its operands
from the Operand Stack. This stack is an 8-word by 16-hit 2-port
memory with last in-first out {LIFO} atiributes. The second
operand to the ALU is supplied by the internal 16-bit bus. In
addition o supplying the second operand, this bidirectional bus
also carries the results from the output of the ALU when re-
quired. Writing into the Operand Stack takes place from this
internal 16-bit bus when required. Also connected to this bus are
the Constant ROM and Working Registers. The ROM provides
the required constants to perform the mathematical operations
{Chebyshev Algorithms) while the Working Registers provide
storage for the intermediate values during command execution.

Communication between the external world and the Amgs11A
takes place on eight bidirectional input/output lines DRO through
DB7 (Data Bus). These signals are gated to the internal eight-bit

bus through appropriate interface and bulfer circuitry. Multi-
plexing facilities exist for bidirectional communicalion between
the internal eight and sixteen-bit buses. The Status Register and
Command Register are aiso accessible via the eight-bd bus.

The Am8511A operations are controlled by the microprogram
contained in the Control ROM, The Program Counter supplies -
the microprogram addresses and can be parially loaded from
the Command Register. Associated with the Program Counter is
the Subroutine Stack where return addresses are held during
subroutine calls in the microprogram. The Microinstruction
Register holds the current microinstruction being executed. This
register facifitates pipelined microprogram execution. The In-
struction Decode logic generates various internal control signals
needed for the AmS8511A operation,

The Interface Conlrol logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
AmS511A to microprocessors.

COMMAND FORMAT

Each command entered into the Am8511A consists of a single
8-bit byte having the format illustrated below:

CPERATION

S RO Bl L e PRSP S,

SVREQ SINGLE FIXED CODE
o) | A R B

7 6 5 4 3 2 1 G

Bits 0-4 select the operation to be performed as shown in the
table. Bits 5-6 select the data format for the operation. if bit 5
is a 1, a fixed point data format is specified. If bit 5 is a 0,
floating point format is specified. Bit 6 selects the precision of
the data 0 be operated on by fixed point commands (if bit 5
= 0, bit 6 must be 0). If bit 6 is & 1, single-precision {16-bit)
operands are indicated; if bit 6 is a 0, double-precision (32-bit}
operands are indicated. Resuits are undefined for all ilegal
combinations of bits in the command byte. Bit 7 indicates

~whether a service request is to be issued after the command

is executed. if hit 7 is a 1, the service request output
{SVREQ) will go high at the conclusion of the command and
will remain high until reset by a low level on the service
acknowledge pin {(SVACK) or until completion of execution of
a succeeding command where bit 7 is 0. Each command is-
sued to tha AmS511A requests post execution service based
upon the state of bit 7 in the command byte. When bit 7 is a
0, SVREQ remains low.




COMMAND SUMMARY

Command Code Command
7 l 6 3 5 ‘ a I 3 E o % 1 31 0 Mnemonic Command Description
FIXED-POINT 18-BIT
SF 1 1 4 1 1 0 Q SADD Add TOS to NOS. Result to NOS. Pop Stack.
st 1 H g 1 1 0 i ss5uB Sublract TOS from NOS. Hesult to NOS. Pop Stack,
sr 1 1 a 1 1 1 0 SMUL Multiply NOS by TOS. Lower halt of result to NOS, Pop Stack,
sr 1 1 3 0 1 1 0 SMUU Muitiply NOS by TOS. Upper half of resuit 1o NOS. Pop Stack.
sr 1 1 0 1 1 1 i SO Divide NOS by TOS. Result to NOS, Pop Stack.
FIXED-POINT 32-BIT
sr 4] 1 ¢ 1 1 0 0 DADRD Add TOS to NOS. Result to NOS. Pop Stack.
sr o] 1 4] 1 1 0 1 psug Subtract TOS from NOS. Result to NOS. Pop Stack.
sf 0 1 0 1 1 1 ¢ OMUL Multiply NOS by TOS, Lower half of resuit to NOS. Pop Stack.
st 0 1 1 g i 1 0 oMUy Multiply NOS by TOS. Upper half of resuit to NOS. Pop Stack.
st | 0 1 0 1 i 1 1 DoV Divide NOS by TOS. Result to NOS. Pop Stack,
{ FLOATING-POINT 32-8IT
sr G 0 1 0 0 6] [#] FADRD Add TOS to NOS. Result to NOS. Pop Stack.
ig 0 0 1 0 ¢ 5 1 FSUB Subtract TOS frem NCS. Result 1o NOS. Pop Stack.
sr 0 G 1 0 0 1 G FMUL Multiply NOS by TOS., Result to. NOS. Pop Stack:
sr | 0 0 1 o} 0 1 1 FON Divide NOS by TOS. Resuit to NOS. Pop Stack.
DERIVED FLOATING-POINT FUNCTIONS
st 0 0 0 0 ¢ 0 1 SQRT Square Root of TOS. Result in TOS,
sr 6] ¢ 0 o 0 1 G SIN Sine of TOS. Result in TOS.
I sr 0 0 0 ¥ o 1 1 cos Cosing of TOS. Result in TOS.
fsr | 0| CF 0|0 1 ] 4] TAN Tangent of TOS. Result in TOS.
psror 0 0 0 o} 1 0 1 ASIN inverse Sine of TOS. Result in TOS.
[ sr o] G 0 ¢ 1 1 0 ACOS inverse Cosine of TOS. Result in TOS.
i 0 0 0 1+ 1 1 1 ATAN inverse Tangent of TOS. Result in TOS.
sr 0 0 0 1 0 0 o LOG Common Logarithm {base 10) of TOS. Result in TOS.
ssl oo oA 0| 0| % LN Natural Logarithm (base e) of TOS. Result in TOS.
srt 00 G011 o0 3 0 EXP Exponential (e} of TOS. Resuit in TOS,
sr| 0 0 . 0 1 0 1 § 1 i PWR i NOS raised to the power in TOS, Result in NOS. Pop Stack.
DATA MANIPULATION COMMARNDS
sr 0 ] 0 0 0 0 0 NOP Ne- Operation
sr | 0 0 1 1 1 1 1 FiXs -Convert TOS from floating point to 16-bit fixed point format.
sty O 0 1 1 1 1 0 FIXD Convert TOS from floating point to 32-bil fixed point format.
CL 0 0 1 1 1 o] 1 FLTS Convert TOS from 16-bit fixed point 1o floating point format.
Sef O 0 1 1 1 e 0 FLTD Conwert TOS from 32-bit fixed point to oating point format.
st 1 1 1 0 1 0 ¢ CHSS Change sign of 16-bit fixed point operand on TOS.
sr 0 1 1 g 1 Q ¢ CHSD Change sign of 32-bit fixed point operand on TOS.
st 0 0 1 0 3 o 1 CHSF Change sign of fioating point operand on TOS,
sr 1 1 1 0 1 1 1 PTOS Push 18-pit fixed point operand on TOS to NOS {Copy)
st a 1 1 4 4 1 1 PTCD Push 32-bit fixed point operand on TOS to NOS. (Copy)
51 g 0 1 0 1 1 1 PTOF Push fioating point operand on TOS 1o NOS. {Copy}
PoSr 1 1 1 1 ¢] 0 0 PCPS Pop 16-bit fixed point operand from TOS. NOS becomes TOS.
DS a 1 i 1 0 0 0 PQPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS.
osr 0 0 1 1 0 0 0 POPF Pop floating point aperand from TOS. NOS becomes TOS.
srid 1 1 i 0 0 1 XCHS “Exchange 16-bit fixed point operands TOS and NOS,
st 0 L T T T A R A XCHD Exchange 32-bit fixed point operands TOS and NGS.
| sr | © 0 1 1 0|0 1 XCHF Exchange floating point operands TQOS and NOS.
Lsr| O 0 1 1 0 1 0 PUPI Push fioating point constant "= onto TOS. Previous TOS becomes NOS,
NOTES:

1

. TOS means Top of Stack. NOS means Next on Stack.

2. AMD Application Briet "Algorithm Detals for the AmG511A

APU" provides detailed descriptions of each command fune-

tiory, including data ranges, accuracies, stack configurations,
etc.

- Many commands destroy one stack location (battom of

stack] during development of the result, The derived func-
tions may destroy several stack locations. See Application
Brief for details.

4,

The trigonometric functions handle angles in radians, not
degrees.

. No remainder is available for the fixed-point divide functions.
. Resuits will be undefined for any combination of command

coding bits not specified in this table.




COMMAND INITIATION

After properly positioning the required operands on the stack, a
command may be issued. The procedure for initiating & com-
mand execution is as follows:

1, Enter the appropriate command on the DBO-DB7Y lines.

2. Establish HIGH on the C/D input.

3. Estabtish LOW on the CS input.

4. Estapiish LOW ¢n the WR input after an appropriate set up

- time (see timing diagrams).

5. Sometime after the HIGH to LOW level transition of WR
input, the PAUSE output will become LOW. Afler a delay of
TPPWW, it will go HIGH to acknowledge the write operation.
The WR input can return to HIGH anytime after PAUSE going
HIGH. The DB0-DB7, C/D and CS inputs are aflowed 1o
change afler the hold time requirements are satisfied (see
timing diagramy.

An attempt o issue a new command while the current command
execution is in progress is aliowed. Under these circumstances,
the PAUSE output will not go HIGH until the current command
execution is completed,

CGPERAND ENTRY

The Am8511A commands operate on the operands located at
the TOS and NOS and resuits are returned to the stack at NOS
and then popped to TOS. The operands required for the
AmMSSTIA are one of three formats — single precision fixed-point
(2 bytes), double precision fixed-point (4 bytes) or ficating-point
{4 bytes}. The resull of an operation has the same format as the
operands excep! for float to fix or fix to float commands.

Operands are always entered into the stack least significant byte
first and most significant byte last. The following procedure must
be followed 1o enter operands onto the stack;

1. The lower significant operand byte is established on the
DBC-DB7 lines. .

2. A LOW is established on the G/D input to specify that data is
to be entered inic the stack,

3. The CS input is made LOW.

4. After appropriate set up time (see timing diagrams), the WR
input is made LOW. The PAUSE output will become LOW.,

5. Sometime after this event, the PAUSE will return HIGH 1o
indicate that the write operation has been acknowledged.

6. Anytime after the PAUSE outpuf goes HIGH the WR input
can be made HIGH. The DBO-DB7, C/D and CS inpuls can
change after appropriate hold time requirements are satisfied
{see timing diagrams).

The above procedure must be repeated untii all bytes of the
operand are pushed into the stack. il should be noted that for
single pracision fixed-point operands 2 bytes should be pushed
and 4 bytes must be pushed for doubfe precision fixed-point or
floating-point. Not pushing all the bytes of a guantity will result in
byte pointer misalignment.

The AmI511A stack can accommodate 8 single precision
fixed-point quantities or 4 double precision fixed-point or float-
ing-point quantities. Pushing more quantities than the capacity
of the stack will result in loss of data which is usual with any
LIFO stack.

DATA REMOVAL

Result from an operation will be available at the TOS. Results
can be transferred from the stack o the date bus by reading the
stack. When the stack is popped for results, the most significant
byte is available first and the least significant byte last. Aresultis
always of the same pracision as the operands that produced it

except tar format conversion commands. Thus when the resuit
is faken from the stack, the total number of bytes popped out
should be appropriate with the precision — single precision re-
sults are 2 bytes and double precision and floating-point results
are 4 byles. The following procedurs must be used for reading
the result from the stack:

1. A LOW is established on the C/D input.

2. The CS input is made LOW.

3. After appropriate set up time (see timing diagrams), the R0
input is made LOW. The PAUSE will become LOW,

4. Sometime after this, PAUSE will return HIGH indicating that
the data is avallable on the DBO0-DB7 lines. This data will
remain on the DBO-DBY lines as long as the RD input re-
mains LOW.

5. Anytime after PAUSE goes HIGH, the BD input can retum
HIGH to complete ransaction.

6. The TS and C/D inputs can change after appropriate hold
time requirements are salisfied (see timing diagram).

7. Hepeat this procedure until all bytes appropriate for the pre-
cision of the result are popped out.

Reading of the stack does not alter its data; it only adjusts the
byte pointer. If meore data is popped than the capacily of the
stack, the internal byte pointer will wrap around and older data
will be read again, consistent with the LIFO stack.

STATUS READ

The Am9511A status register can be read without any regard to
whether a command fs in progress or not. The only implication
that has o be considered is the effect this might have on the
END output discussed in the signal descriptions.

The foliowing procedure must be followed o accomplish status
register reading.

1. Establish HIGH on the C/D input.

2. Establish LOW on the C5 input.

3. After appropriate set up ime (see timing diagram) RD input is
made LOW, The PAUSE will become LOW.

4. Sometime after the HIGH to LOW transition of D input, the
PAUSE will become HIGH indicating that status register
contents are available on the DBO-DB7 lines. The status data
will remain on DBO-DB7 as long as RD input is LOW.

5. The RD input can be returned HIGH anytime after PAUSE
goes HIGH.

6. The C/D input and T3 input can change after satistying ap-
propriate hold time requirements (see timing diagram).

DATA FORMATS

The Am9SH1A Arithmetic Processing Unit handles cperands in
both fixed-point and floating-point formats, Fixed-point operands
may be represented in either single (16-bit operands) ¢r double
precision (32-bif operands), and are always represented as
binary, two's complement values.

16-BIT FIXED-POINT FORMAY

5 VALUE

LALE bt
15

{MSB)

0

32-8BIT FIXED-POINT FORMAT

5 VALUE

LA bt bel
31 o]
Msg}




The sign {positive or negative) of the cperand is located In the
most sigrificant bit (MS8). Pesitive values are represented by
a sign bit of zero (S = (). Negative values are represented by
the two's complement of the corresponding positive value with
a sign bit equal to 1 (S = 1), The range of values that may be
accomodated by each of these formats is -~32,767 to
- 32,7687 for single precision and —2,147,483,647 to
-2,147,483,647 for double precision,

Ficating point binary values are represented in a format that
permits arithretic to be performed in a fashion analogous to
operations with decimal values expressed in scientific nota-
Lo,

(5.83 x 10%)(8.16 x 10") = (4.75728 x 10%)

In the decimal system, data may be expressed as values be-
tween 0 and 10 times 10 raised to a power that effectively
shifts the implied decimal point right or left the number of
places necessary o express the resuilt in conventionaf form
{, 47.572.8). The value-portion of the data is called the
mantissa. The exponent may be either negalive or posttive.

The concept of floating point notation has both a gain and &
loss associated with it. The gain is the abifity to represent the
sigrificant digits of data with values spanning a large dynamic
range limited only by the capacity of the exponent field. For
example, it decimal notation if the exponent field is two digits
wide, and the mantissa is five digits, a range of vaiues (posi-
tve or negative) from 1.0000 x 107 to 8.9999 x 107%° can
be accommodated, The loss is that only the significant digits
of the value can be represented. Thus there is no distinction
in this representation between the vaiues 123457 and
123452, for example, since each wouid be expressed
as: 1.2345 x 10°. The sixth digit has been discarded. n.most
applications where the dynamic range of values to be rep-
resented is large, the loss of significance, and hence accuracy

of results, is a minor consideration. For greater precision a

fixed point format could be chosen, although with a loss of po-
tential dynamiic range.

The Am9511 is a binary arithmetic processor and requires
that floating point data be represented by a fracticnal man-
b ivalue between .6 and 1 multiplied by 2 raised o an ap-
piupiniate power. This is expressed as follows:

value = mantissa x g&xponent

For example, the value 100.5 expressed in this form is
0.11001001 x 27, The decimal equivalent of this value may be
compited by summing the components (powers of two} of the

mantissa and then muttiplying by the exponant as shown be-
fow:

value = (277 4 272 4 275 4 278y o7

(0.5 +0.25 + 0.03125 + 0.00290625) x 128
078515625 x 128
100.5

il

FLOATING POINT FORMAT

The format for floating-point values in the Am9511A is given
beiow. The mantissa is expressed as a 24-bit (fractional) value;
the exponent is expressed as an unbiased two's complement
7-bit value having a range of —64 to +63. The most significant
bitis the sign af the mantissa (0 = positive, 1 = negative), for a
total of 32 bits. The binary point is assumed to be to the left of
the most significant mantissa bit (bit 23}, All floating-point data
values must be normalized. Bit 23 must be equal to 1, except for
the value zero, which is represented by all zeros.

EXPONENT

sfs] L Pl L]
3130 24 23

MANTISSA

Lty bty etdd
i

The range of values that can be represented in this format is
(2.7 x 1072 t0 9.2 x 10"®) and zero.

STATUS REGISTER

The Am9511A contains an eight bit status register with the fol-
lowing bit assignments:

BUSY § SIGN | ZERO ERRCR CODE CARRY
7 6 5 4 3 2 1 ]
BUSY: Indicates that Am9511A is currently executing a com-

mand {1 = Busy).

SIGN:  Indicates that the value on the top of stack is negative
(1 = Negative).
ZERQ: Indicates that the value on the top of stack is zero

{1 = Value is zero).
ERROR This field containg an indication of the validity of the
CODE: result of the last operation. The error codes are:
0000 — No error
1000 -~ Divide by zero
G100 — Square root or log of negative number
1100 — Argument of inverse sine, casine, or ¢” too
large
XX10 + Underflow
XX01 ~ Overflow
CARRY: Previous operation resuited in carry or borrow from
most significant bit. {1 = Carry/Borrow, 0 = No
Carry/No Borrow)

If the BUSY bit in the status register is a one, the other status
bils are not defined; if zero, indicating not busy, the eperation is
complete and the other status bits are defined as given above.




Table 1.

Command Hex Code | Hex Code Execution Summary
Mnemonic {sr = 1) {sr = 0) Cycles Description
16-BIT FIXED-POINT OPERATIONS
SALD EC 6C 16-18 Add TOS to NOS. Result to NOS. Pop Stack.
SSUB ED 6D 30-32 Subtract TOS from NOS. Result to NOS. Pop Stack.
SMUL EE 6k 84-94 Multiply NOS by TOS. Lower result to NOS. Pop Stack.
SMUU F8& 76 80-98 Multiply NOS by TOS. Upper resul{ to NOS. Pop Stack.
SDIV EF &F 84-54 Divide NOS by TOS. Result to NOS. Pop Stack.
_ 32-BIT FIXED-POINT OPERATIONS
DADD AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack.
psuB AD 2D 3B8-40 Subitract TOS from NOS. Result to NOS. Pop Stack.
DMUL Al 2E 194-210 Multiply NOS by TOS. Lower result to NOS, Pop Stack,
DMUU B6& 38 162-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack.
ooV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT PRIMARY OPERATIONS
FADD a0 10 54-368 Add TCS to NOS. Result 1o NOS, Pop Stack,
FSuUB 91 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack.
FMUL a2 12 146-168 Multiply NOS by TOS, Result to NOS. Pop Stack.
DIV 33 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT DERIVED OPERATIONS
SGRT 81 G1 782-870 Square Root of TOS. Result to TOS,
SiN 82 g2 3796-4808 Sine of TGS, Result to TOS.
CQs 83 03 3840-4878 Cosine of TOS. Result to TOS.
TAN 84 04 4894-5886 Tangent of TOS. Result to TOS.
ASIN 85 05 6230-7938 Inverse Sine of TOS. Result to TOS.
ACOS 86 06 £5304-8284 Inverse Cosine of TOS. Result to TOS.
ATAN 87 07 4952-6536 Inverse Tangent of TOS. Result 1o TOS.
LOG a8 08 4474-7132 Common Logarithm of TOS. Result to TCS.
LN 89 0% 4288-6956 Natural Logarithm of TOS. Result to TOS.
EXP BA 0A 3794-4878 e raised (0 power in TOS. Result to TOS.
PWR 5151 08 8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack.
DATA AND STACK MARIPULATION OPERATIONS
NOP 80 00 4 No Qperation. Clear or set SVREQL
FIXS oF 1F 90214 ‘ _ , ,
FIXD oF 1E 90-336 } Convert TOS from floaling point format 1o fixed point format.
FLYS aD 10 62-156 ) ) . )
FLTD 9C 10 56-342 } Convert TOS from fixed point format to floating point format.
CHSS F4 74 22-24 } , : .
Change sign of fixed point operand on TOS.
CHSD B4 34 26-28
CHSF a5 15 16-20 Change sign of floating point operand on TOS.
PTOS F7 77 16
PTOD B7 37 20 Push stack. Duplicate NOS in TOS.
PTOF a7 17 20
POPRS 8 78 15
POPD B8 38 12 Pop stack. Old NOS becomes new TOS. Cld TOS rotates ¢ bottomn.
POPF 98 18 12
XCHS Fa 79 18
XCHD 89 39 26 Exchange TOS and NOS.
XCHF 99 19 26
PUPI A 1A 16 Push floating point constant 7 onto TOS. Previous TOS becomes NOS.




COMMAND DESCRIPTIONS

This section contains detailed descriptions of the APYU com-
mands. They are arranged in alphabetical order by command
mnemonic. i the descriptions, TOS means Top Of Stack and
NCS means Next On Stack.

All derived functions except Sguare Root use Chebyshev
polynomial approximating algorithms. This approach is used
to help minimize the internal microprogram, to minimize the
maximum error values and to provide a relatively even dis-
tribution of errors over the data range. The basic arithmetic
operations are used by the derived functions to compute the
various Chebyshev terms. The basic operations may produce
error codes in the status register as a result.

Execution times are listed in terms of cleck cycles and may
be converied into time values by multiplying by the clocic
~~eriod used. For example, an execution time of 44 clock cy-

cles when running at a 3MHz rate translates 1o 14 micro-
seconds (44 x 32us = 14us). Variations in execution cycles
reflect the data dependency of the algorithms.

In some operations exponent overflow or underflow may be
pessible. When this occurs, the exponent returned in the re-
sult will be 128 greater or smalier than its true value.

Many of the funciions use portions of the data stack as
scratch storage during development of the results. Thus pre-
vicus values in those stack locations wili be lost. Scratch foca-
tions destroyed are listed in the command descriptions and
shown with the crossed-ocut locations in the Stack Contents
After diagram.

Table 1is a summary of all the Am&511A commands. If shows
the hex codes tor each comeand, the mnemonic abbreviation, a
brief description and the execution time in cleck cycles. The
commands are grouped by functional classes.

The command mnemoenics in alphabetical order are shown
below in Table 2.

Table 2.

Command Mnemonics in Alphabetical Order.

ACGS ARCCOSINE

ASIN ARCSINE

ATAN ARCTANGENT

CHSD CHANGE SIGN DOUBLE
CHSF CHANGE SIGN FLOATING
CHSS CHANGE SIGN SINGLE
Ccos COSINE

DADD DOUBLE ADD

DDV DOUBLE DIVIDE

DMUL DOUBLE MULTIPLY |LOWER
DMUU DOUBLE MULTIPLY UPPER
bsuB DOUBLE SUBTRACT

EXP EXPONENTIATION (&%)
FADD FLOATING ABD

FDIV FLOATING DIVIDE

FIXD FiIX DOUBLE

FIXS FIX SINGLE

FLTD FLOAT DOUBLE

FLTS FLOAT SINGLE

FMUL FLOATING MULTIPLY
FsuB FLOATING SUBTRACT

LOG COMMON LOGARITHM

LN NATURAL LOGARITHM
NOP NO OPERATION

POPD POP STACK DOUBLE
POPE POP STACK FLOATING
POPS POP STACK SINGLE
PTOD PUSH STACK DOUBLE
PTOF PUSH STACK FLOATING
PTOS PUSH STACK SINGLE
PUPL PUSH =

PWA POWER (X"

SADD SINGLE ADD

SOV SINGLE DIVIDE

SIN SINE

SMUL SINGLE MULTIPLY LOWER
SMUU SINGLE MULTIPLY UPPER
SQRT SQUARE ROOT

SsUB SINGLE SUBTRACT

TAN TANGENT

XCHD EXCHANGE OPERANDS DOUBLE
KCHF EXCHANGE OPERANDS FLOATING
XCHS EXCHANGE OPERANDS SINGLE




7 6 5 4 3 2 1 0
Binary Coding: | st | 0 | 0 | 0 | 0 | 1 1] 0]
Hex Coding: BB with sr = 1
06 with sr = (
Execution Time: 6304 to 8284 clock cycles
Description:

The 32-bit floating-point operand A atthe TOS is replaced by the
32-bit floating-point inverse cosing of A. The result R is a value in
radians between 0 and #, Inilial operands A, B, C and D are iost,
ACOS will accept all input data values within the range of —1.0to
.+ 1.0. Values outside this range will return an efror code of 1100
“in the stalus register.

- Accuracy: ACOS exhibits a maximum relalive srror of 2.0 x

1077 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

i

32-BIT FLOATING-POINT
INVERSE TANGENT

7 8 5 4 3 2 i 0
Bi P R ; 1 ! B
inary Coding: Bl O‘J:O J o ‘ 0 1] § 1]
Hex Coding: 87 with sr = 1
07 with sr = 0
Execution Time: 4992 to 6536 clock cycles
Description:

The 32-bit fioating-point operand A atthe TOS is replaced by the

32-bitfloating-pointinverse tangent of A. The resuit Ris a value in

radians between — /2 and +#/2. initial operands A, C and D are

lost. Cperand B is unchanged.

ATAN wiil accept all input data values that can be represented in

the floating point format,

Accuracy: ATAN exhibits a maximum relative error of 3.0 x
1077 over the input data range.

Status Affected: Sign, Zero

STACK CONTENTS
BEFORE

BEFORE AFTER
o A e TOS —= R
B e
C | Ei\,‘;"‘-{‘i’;
o \‘:f:}(:"”\
F 32 - | 32 !

AFTER
A e TOSG e R
B B
C
D
| 32 -

32-BiT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0

Binary Coding: | sr | 0 | 0 [0 | 0] 1] 0] 1|

Hex Coding: 85 with sr = 1

05 withsr =0
Execution Time: 6230 to 7938 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-point inverse sine of A. The resuit R is a value in

radians between ~#/2 and +#/2. Initial aperands A, B, Cand D

are iost.

ASIN will accept ali input data values within the range of —1.0to

+1.0. Values outside this range will return an error code of 1100

in the status register.

Accuracy: ASIN exhibits a maximum relative eror of 4.0 x
1077 gver the vaiid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

32-BIT FIXED-POINT SIGN CHANGE

7 8 5 4 3 2 1
0

BinaryCoding:isr%O{1{1§ (1o
Hex Coding: ~ B4 with sr = 1
) 4 withgr=90
Execution Time: 26 to 28 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at
the TOS is subtracted from zero. The result R replaces A at
the TOS. Other entries in the stack are not disturbed.
Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible
in the format since no positive equivalent exists.

Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER
A TOS R
R B
C C
D D

BEFORE AFTER
A e TO§ — R
h—-ww—ww_-ﬂ —
g B ! [ e b
| ————

| C : el
o | e
- 32 ! - 32 J




7 6 5 4 3 2 1 0
H T i | T T
Binary Coding: | st J 0! 0| 1 I 011 0| 1 ‘
Hex Coding: 95 with sr = 1
1S withsr = 0
Execution Time: 16 to 20 clock cycles
Description:

The sign of the mantissa of the 32-bit floating-point operand A at
the TOS is inverted. The result R replaces A at the TOS. Qther
stack entries are unchanged.
i Ais input as zero {mantissa MSB = 0), no change is made.
_ Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
[ A - TOS R
ih_ B . 8
| c c
D D
! 32 | fa 32 ]

7 5] 5 4 2 Z2 1 g
Binary Coding: [ st [ 1 [ 1 [ 1 6| 1] 0] 0 |
" Hex Coding: F4 with sr = 1
- 74 with sr = 0
Execution Time: 22 to 24 clock cycles
Description:

16-bit fixed-point two's complementinteger operand A atthe TOS
is subtracted from zero, The result R replaces A at the TOS. All
olher operands are unchanged,

Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible in
the format since no positive equivalent exists.

Status Affected: Sign, Zero, Qverflow

STACK CONTENTS

BEFORE AFTER
A T0S R
8 B
C c |
D o
E e
F CF
— —
H H
Lﬂ-t-;@—-—% [ S

32-BIT FLOATING-POINT COSINE

7 6 5
Binary Coding: | st | 0 | 0 |
Hex Coding: 83 with sr = 1
C3withsr=0
Execution Time: 3840 to 4878 clock cycles

Description:

The 32-bit floating-point operand A at the TOS is repiacad by

R, the 32-bit floating-point cosine of A. A is assumed to be in

radians. Operands A, C and D are lost. B is unchanged.

The COS function can accept any input data value that can

be represented in the data format. All input values are range

reduced to fall within an interval of —#/2 1o +#/2 radians.

Accuracy: COS exhibits a maximum refative error of 5.0 x
1077 for all input data vaiues in the range of ~2m
o +27r radians.

Status Affected: Sign, Zero

STACK CONYENTS
BEFORE
A d—— TS ——m R

32-BIT FIXED-POINT ADD

7 6 5 4 3 2 1 0

BinaryCodEn‘g:!erO’1[011{1‘(}|(}}

Hex Coding:  AC with sr = 1

2C with sr =
Execution Time: 20 to 22 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is added to the 32-bit fixed-point two's complement integer
operand B at the NOS. The result R replaces operand B and the
Stack is moved up so that B occupies the TOS. Operand B s lost.
Operands A, C and D are unchanged. If the addition generates a
carry it is reported in the status register.

if the resultis too farge to be represented by the data format, the
least significant 32 bits of the result are returned and overflow
status is reported.

Status Affecied: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
8 C
C D
D A




32-BIT FIXED-POINT DIVIDE

7 6 5 4 3 2 1 G
-

f T i
BinaryCoding:i st | 0 | J J 1 ‘ 101 l 1 J
Hex Coding:  AF with sr = 1

2F with sr = 0

Execution Time: 196 to 210 clock cycles when A # 0

18 clock cycles when A = Q.
Description:
The 32-bit fixed-point two's complement integer operand B at
NOGS is divided by the 32-bit fixed-paint two's complement in-
teger operand A at the TOS. The 32-bit integer quotient R re-

_ Places B and the stack is moved up so that R accupies the

T0S. No remainder is generated. Operands A and B are jost.

o Operands C and U are unchanged.

it Ads zero, R is sel equal to B and the divide-by-zero error
status will be reported. If either A or B is the most negative
value possidie i the format, R will be meaningless and the
overflow error status will be reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE _ AFTER
A e TOS —m A

— T
c

—

| 32 |

Vet

32-BiT FIXED-POINT MULTIPLY, LOWER

_ 7 8 5 4 3 2 1 0
BinaryCoding:(sr%O“110[1?111’0[

L

Hex Coding:  AE with sr = 1

2E withsr = 0
Execution Time: 194 {0 210 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is muttiplied by the 32-bit fixed-point two's complament in-
teger operand B at the NOS. The 32-bit least significant half of the
product B replaces B and the stack is moved up so that 8 oc-
cupies the TOS. The most significant halt of the product is lost.
Operands A and B are lost. Operands C and D are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can
be represented in the format, that value is returned as R and
the overflow status is set.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

32-BIT FIXED-POINT MULTIPLY, UPPER

7 6 5 4 3 2 1 0
: . ! : [ ! i I i
Binary Coding: | sr ¢ 0 | 1 l T 10 1 1 07
856 with sr = 1

Hex Coding:

36 withsr = Q
Execution Time: 182 to 218 clock cycles
Description:

The 32-bit fixed-point twe's complement integer operand A at
the TOS is multiplied by the 32-bit fixed-point two's comple-
ment integer operand B at the NOS. The 32-bit most signifi-
cant half of the product R replaces B and the stack is moved
up so that R occupies the TOS. The least significant half of
the product is lost, Operands A and B are lost. Operands C
and D are unchanged.

If A or B was the most negative value possible in the format,
overfiow status is set and R is meaningless.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A e TOS e R
B ' c
c D
D _ e

7 6 5 4 3 2 1 0
1

Binary Coding: | sr | 0 | 1| o[ 1 [ 1 ]o0 1]
Hex Coding:  AD with sr == 1
2D withsr = 0
Execution Time: 38 to 40 clock ¢cycles
Description:

The 32-bit fixed-point two’s complement operand A at the
TOS is subtracted from the 32-bit fixed-point two’'s comple-
ment operand B at the NOS. The difference R replaces
operand B and the stack is moved up so that R occupies the
TOS. Operand B is lost. Operands A, C and D are un-
changed.

If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow siatus is sel. If the resuit
cannct be represented in the data format range, the overfiow
bit is set and the 32 least significant bits of the result are re-
turned as R.

Status Affected: Sign, Zero. Carry, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R
B B C
C D
D A

BEFORE AFTER
A e TOS et R
B C
C D
| D e
- QD et | 32 |




7 6 5 4 3 2 1 0
H | { i |
Binary Coding:i sr 0 1‘ 0 i 0 i 1 ‘ 0 1 1 ' 0
Hex Coding:  8A with sr = 1
0A with st = 0

Execution Time: 3794 to 4878 ciock cycles for [Al < 1.0 x 2°
34 ciock cycles for JAl > 1.0 x 2%
Description:
The base of natural logarithms, e, is raised to an exponent value
specified by the 32-bit floating-point operand A at the TOS. The
result R of e® reptaces A. Operands A, Cand D are lost. Operand
_ Bis unchanged.
“EXP accepts ali input data values within the range of —1.0x 273
o +1.0x273, Input values outside this range will return a code of
1100 in the error field of the status register,
Accuracy: EXP exhibits a maximum ralative error of 5.0 x
1077 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

32-BIT FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
. [ ‘ r ! ‘ '
Binary Coding: | sr | 0 [ 6 1 1 | O { 0 ‘ 1] 1 T
Hex Coding: 93 withsr = 1
13 withsr =90

Execution Time: 154 to 184 clock cycles for A # 0

22 clock cycles for A = 0
Description:
32-bit floating-point operand B at NOS is divided by 32-bit
fioating-point operand A atthe TOS, The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Cperands C and D are unchanged.
If operand A is zero, R is set equal to B and the divide-by-zero
error is reported in the status register. Exponent overflow or
underflow is reported in the status register, in which case the
mantissa portion of the resultis correct and the exponent portion
is offset by 128,
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
B A e TOS ——e R 1 A e TOS i R
| B B B C
J e —
| C —— c D
—— e
L D B _ = D T
o 3 | | 32 = 32 |

32-BIT FLOATING-POINT ADD

7 6 5 4 3 2 1 G

Binary Coding: st [0 | 0 | 1 | 0 o jo]o]
Hex Coding: 90 with sr = 1
10 withsr = 0

Execution Time: 54 to 368 clock cycles for A # 0

24 clock cycles for A = 0
Description:
32-bit ficating-point operand A at the TOS is added to 32-bit
floating-point operand B at the NOS, The result B repiaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands G and D are unchanged.

Exponent alignment before the addition and normalization of the .

result accounts for the variation in execution time. Exponent
overflow and underilow are reported in the siatus register, in

which case the mantissa is correct and the exponent is offset by
128.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

32-BIT FLOATING-POINT TO
32-BiT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
BinawCoding:gsr\0§0’1J1[131‘O‘

Hex Coding:  9E with sr = 1

1E with sr = 0
Execution Time: 90 to 336 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
32-bit fixed-point two’s complement integer, The result R re-
places A. Operands A and D are lost. Operands B and C are
unchanged.

if the integer portion of A is larger than 31 bits when con-
verted, the overfiow status will be set and A will not be
changed. Operand D, however, will still be lost,

Status Affected: Sign, Zero Qvertlow

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A 103 —----i— R A TG o
B i%% c 8
C | D C
32 - A — - ! 32 -




E%

FIXS

32-BIT FLOATING-POINT TO
16-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
[o 1 11 ]

Binary Codingﬂ sr 0

Hex Coding:  9F with sr = 1

1F withsr = 0
Execution Time: 90 to 214 clock cycles
Description:

32-bit floating-point operand A at the TOS is convertad o a
16-bit fixed-point two's complement integer. The result R re-
places the lower half of A and the stack is moved up by two

~bytes so that R occupies the TOS. Operands A and D are

st. Operands B and C are unchanged, but appear as upper

{u) and lower (1) halves on the 15-bit wide stack if they are

32-bit operands.

If the integer portion of A is larger than 15 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero, Overflow
STACK CONTENTS

BEFORE AFTER
A - TOS -~ g7
i | Bu
© Bt
b Cu
e S
A\\\ Ry
<
———S
oz 16 ]

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 8 5 4 3 2 1 0

Binary Ceding: | sr I 00 ‘ 11 ‘ 10 ’ G ’
Hex Coding:  9C with st = 1
1C withsr =90

Execution Time: 56 to 342 clock cycles

Description:

22-bitfixed-pointtwo’s complement integer operand A atthe TOS
is converted o a 32-bit floating-point number. The result R re-
places A atthe TOS. Operands A and D are lost. Operands B and
C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
BinaryCoding:EierO!G§1§1 1 O]1l
Hex Coding: 9D with sr = 1

1D with sr = 0
Execution Time: 62 o 156 clock gycles
Desecription:

16-bit fixed-point two's complement integer A at the TOS s
converted to a 32-bit floating-point number. The fower halt of the
result R (R replaces A, the upper half (Ru) replaces H and the
stack is moved down so that Ru occuples the TOS, Operands A,
F, G and H are lost. Operands B, C, D and E are unchanged.
Status AHected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS Ry |
B =
¢ | B
D c
£ D
F E
G
H =
b 18

MULTIPLY
7 6 5 4 3 2 1 0
BinaryCoding:EsrlOEO!1 EOEO'1\O%
Mex Ceoding: 92 with sr = 1
12 with sr = 0
Execution Time: 146 fo 168 clock cycles
Description:

32-bit floaiing-point operand A at the TOS is multiplied by the
a2-bit floating-point operand B at the NOS. The normalized result
R replaces B and the stack is moved up so that B occupies the
TOS. Operands A and B are lost. Operands C and D are un-
changed.

Exponent averflow or underflow is reported in the stalus register,
in which case the mantissa portion of the resultis correct and the
exponant portion is offset by 128,

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A SV fo*— R
8 | B
c c
D =
32 { 32 |

LRl

BEFORE AFTER
A e TOS e R
B C
C D
D e
e 30 e o 32 —



- 7 6 5 4 3 2 1 o
Binary Coding: s 0 ' 0 1‘ R ! 0 % 1_,J
Hex Coding: 91 with sr = 1

11 with sr = 0

Execution Time: 70 to 370 clock cycles for A # 0

26 clock cycles for A = 0
Description:
32-bit floating-point operand A at the TOS is subtracted from
32-bit floating-point operand B at the NOS. The normalized
difference R replaces B and the stack is moved up so that R
cccupies the TOS, Cperands A and B are losi Operands C
-.and D are unchanged.
Exponent alignment before the subtraction and normalization
of the result account for the variation in exacution time,
Exponant overflow or underfiow is reporied in the status regis-
ter in which case the mantissa portion of the result is correct
and the exponent portion is offset by 128,
Status Affected: Sian, Zero, Error Field {overiiow)

STACK CONTENTS

BEFORE

32-BIT FLOATING-POINT
COMMON LOGARITHM

. 7 6 5 4 3 2 i 0
“...Anary Coding: | sr Y] !
Hex Coding: 88 with r = 1
08 with sr = (¢
Execution Time: 4474 to 7132 clock cycies for A > 0
20 clock cycles for A < 0

Description: ‘

The 32-bit ficating-point operand A at the TOS is replaced by R,

the 32-bit foating-point commaon logarithm (base 10} of A,

Opetands A, C and D are lost. Operand B is unchanged.

Tre LOG function 8ccepts any positive input data value that can

be represented by the daia format. F LOG ofa non-positive value

is atternpted an error status of 0100 is returned,

Accuracy: LOGexhibits 5 maximum absolite errorof 2.0% 1077
for the input range from 0.1 t0 10, and a maximum
refative error of 2.0 x 1977 for positive values less
than 0.1 or greater than 10,

Status Affected: Sign, Zero, Error Field
BEFORE  STACK CONTENTS

A -~ TOS ]

o o 1]lolola]

14

£

32-BIT FLOATING-POINT
NATURAL LOGARITHM

7 6 5 4 3 2 1 0
Binary Coding: | sr folo I o B [—o lo| 1]
Hex Coding: 89 with sr = §
09 with sr = 0

Execution Time: 4298 to 6956 clock cycles for A > 0
20 clock cycles for A< 0
Description:
The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point natural logarithm (base &) of A.
Operands A, C and D are lost. Operand B is unchanged.
The LN function accepls alf positive input data values that can
be represented by the data format, If LN of a non-positive
number is atternpted an error status of 0100 is returned.
Accuracy: LN exhibits a maximum absolute error of 2 x 1077
for the input range from e ™" ta e, and a maximum
relative error of 2.0 x 1077 for positive values less
than e or greater than e.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER

OPERATION
7 8 5 4 3 2 {1 o

—

ainarchding:jsr!o!o[ejo]ojo]oj

Hex Coding: 80 with sr = 1

00 with sr = 0
Execution Time: 4 ciock cycles
Description:

The NOP command periorms no internal data manipuiations. it
may be used to set or clear the service request interface line
without changing the contents of the stack,

Status Affected: The status byte is cleared o all zerces,




32-BIT

STACK POP
7 & 5 4 3 2 1 G
Binary Coding: (s . 0 [+ [ 1 ]1] 0o 0c]
Hex Coding: B8 with sr = 1
3B withsr = ¢
Execution Time: 12 clock cycles
Description:

Tne 32-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand vajues are unchanged. POPD and POPF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE
A S (oY J— B
B B c
c D
D A
- 30— e 32

STACK POP
7 6 5 4 3 2 1 0

| .
Binary Coding: | st | 0 [0 [ 1 [ 1 o ]o ] o]
Hex Coding: 98 withsr = 1

18 withsr =0

Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS hecomes the
new TOS, The oid TOS rotates to the bottom of the stack. All
operand values are unchanged. POPF and POPD execute the
same cperation.

Status Affected: Sign, Zero

STACK CONTENTS

16-BIT
STACK POP
7 8 5 4 3 2 1 0
Binary Coding:i sr ' 1 i 1 ! 1 J 1 ] 0 ] 0 E OJ

Hex Coding: F8 with sr = 1§

78 with sr =
Execution Thme: 10 clock cycles
Description:

The 16-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
oA ] TOS - 8
B C
c D
D £
E F
F G
G H
L A
e 16— Fr 165 —n]

PUSH 32-BIT
TOS ONTO STACK
. 7 6 5 4 3 2 1 0

BinaryCoding:lsrw 0 ] 1 l 1 ; 0 5 1 %1 ] " [
Hex Coding: B7 with st = 1

37 with sr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is
copied into the new TOS location. Opserand D is lost. All other
operand values are unchanged. PTOD and PTOF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
r A e TOG e B
| B c

c b
| 5 A

i

32 ! — 32

BEFORE AFTER
A e 7O e A
B A
C B
5) : c
! e E 32 -




PUSH 32-BIT
TOS ONTO STACK

7 6 4

5 3
0i1‘oi1[1‘1]

Binary Coding: | sr i G i

Hex Coding: 97 with sr = 1§

17 withsr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is copied
inta the new TOS location. Operand D is lost. All other operand
values are unchanged. PTOF and PTOD execute the same op-
eration.

“Status Atected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A [ - A
. B ; A
| c ‘ B
—_—
D | C
32 E

PUSH 16-BIT
TOS ONTO STACK

‘ 7 6 5 4 3 2 1 90
-éinaryCoding:]_srl1]1‘5|0]1[Ti1j

Hex Coding:  F7 with gr = 1

77 with sr = 0
Execution Time: 18 clock cycles
Description:

The 18-bit stack is moved down and the previous TOS is copied
inta the new TOS Iocation. Operand H is lost and all other
operand vaiues are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A e 0§
—

C B 5|

- -

£ o

F E

. —
T S

e 16 —om P —

PUSH 32-BIT
FLOATING-POINT 71

7 6 5 4 3 2 1 0

. . [T IR
BmaryCodsng:gs;;O({)!1§1J0 1L_O_f
Hex Coding:  9A with sr = 1

TA with sr = 0
Execution Time: 16 clock cycles
Bescription:

The 32-bit stack is moved down so that the previous TGS oc-
cupies the new NOS location. 32-bit ficating-point constant # is
entered into the new TOS location, Operand D is lost, Operands
A, B and C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A ‘m TOS e w ]
B A ﬁ_j
S :
]
 C - R — l a2 =i




32-BIT
FLOATING-POINT XY

7 6 5 4 3 2 1 ¢
BinaryCoding:_‘sr? 0 : 0| o ‘ 1 ! o | 1 : 1|
Hex Coding: 8B with sr = 1

CBwithsr =0
Execution Time: 8290 to 12032 clock cycles
Description:

32-bit floating-point operand B at the NOS is raised to the power
specified by the 32-bit floating-point operand A al the TOS. The
result B of B® replaces 8 and the stack is moved up so that R
occupies the TOS. Operands A, B, and D are tost. Operand C is
S nchanged.
“oche PWR function accepts all input data values that can be
represented in the data format for operand A and all positive
values for operand B. if operand B is non-positive an error status
of 0160 will be returned. The EXP and LN functions are used to
impternent PWR using the relationship 8% = EXP [A(LN B)].
Thus i the term [ A(LN B) is outside the range of —1.0x 27" to
+1.0x 21> an error status of 1100 will be returned. Underfiow and
overflow conditions can oceur.

Accuracy: The error performance for PWR is a funciion of
the LN and EXP performance as expressed by:
{Retative Eroripwp|= Relative Erongyp+lA(Absolute
Eror ni
The maximum relative error for PWR occurs when
Ais at its maximum vaiue while [ A(LN B}] is near
1.0 x 2° and the EXP error is aiso at its maxi-
mum. For most practical applications the refative
error for PWH will be less than 7.0 x 1077

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE -

- - TOS —= -

: C

: e
| 32 | !V ) k{

16-BIT
FIXED-POINT ADD

7 & 5 4 3 2 1 0
o

BEnaryCoding:isr! 1 ‘1 ! 11!1 ]O‘ j
Hex Coding: EC with sr = 1
B8C with sr = 0
Execution Time: 16 to 18 clock cycles
Description:

18-bit fixed-point two's complement integer operand A at the
TOS is added 0 16-bil fixed-point two's complement integer
operand B at the NOS. The result R replaces B and the stack
is moved up so that R occeupies the TOS. Operand 8 is lost.
All other operands are unchanged.

If the addition generates a carry bit it is reported in the status
register. It an overflow occurs it is reported in the status regis-
ter and the 16 least significant bits of the result are returned.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER

A TOS R

B c

C D
b | E

E F

F G

G H

H A
e 15— b {5 o]



16-BIT
FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0

Binary Coding: ! sf 1 ‘ i ‘ 0 l 1 ‘ 1 \’ 1 ] 1 J§
Hex Coding:  EF with sr = 1
6F with sr = 0

Execution Time: 84 to 94 clock cycles for A # 0
14 ¢clock cycies for A =

Description:

16-bit fixed-point two's complement integer operand B at the

NQOS is divided by 16-bit fixed-point two's complement integer

operand A at the TOS. The 16-bit integer quotient R replaces B
nd the stack is moved up sc that R occupies the TOS. No
~remainder is generated. Operands A and B are lost. All other
cperands are unchanged.

it Ais zero, R will be set equal to B and the divide-by-zero error
status will be reported,

Status Atffected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A | T0S - R
— o
¢ D
D £
B F

F G

G H
H
PP P—

32-BIT
FLOATING-POINT SINE

7 6 5 4 3 2 1 0
0

BinaryCoding:%i] 0 0 | 010 o | 1 0]
Hex Coding: 82 with sy = 1
02 with sr = 0
Execution Time: 3796 to 4808 clock cycles for |Al > 2712
radians
30 clock cycles for [Al = 2772 radians
Description: '

The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point sine of A. A is assumed 1o be in
radians. Operands A, C and D are lost. Operand B is un-
changed.

The SIN function will accept any input data value that can be

represented by the data format. All input vaiues ars range re-

duced to fall within the interval —#/2 to +w/2 radians.

Accuracy: SIN exhibits a maximum relative error of 5.0 x
1077 for input values in the range of —27 to +2
radians.

Status AHected: Sign, Zerc

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c P
) ’ _,::::;'c::‘i
- 32 ! | 32 E
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1B

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0
[ 1
Binary Coding: | st | 1 | 1 | ¢ ERERERE:
Hex Coding: EE with sr = 1
SE withsr =0
Execution Time: 84 o 84 clock cycles
Description:

16-bit fixed-point two's compiement integer operand A atthe TOS
is muftiplied by the 16-bit fixed-poin? twa's complement integer
operand B at the NOS. The 16-hit east significant half of the
product R replaces B and the stack is moved up so that R

~agcupies the TOS. The most significant half of the product is lost.

Jperands A and B are lost. All cther operands are unchanged,

“The overfiow status bit is set it the discarded upper half was

non-zere. If either A or B is the most negalive value that can be
represented in the format, that value is returned as R and the

- overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS——il R |
B c
c D
o - E
E Foo
F G |
G H
: <]
—— 16— bo g § ]
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16-BIT FIXED-POINT
MULTIPLY, UPPER

7 6 5 4 3 2 1 0
Binary Ceding: sr§1 i)1 ;1 0|1 sT}DJ
Hex Coding: F6 with sr = 1

76 withsr = 0
Execution Time: 80 to 98 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is multiplied by the 16-bit fixed-point two's complement
integer operand B at the NOS. The 18-bit mest significant half
ot the product R replaces B and the stack is moved up so that
8 occupies the TOS. The least significant half of the product
is tost. Operands A and B are lost. All other operands are un-
changed.

If either A or B is the most negative value that can be rep-
resented in the format, that value is returned as R and the
overtiow slatus is set.

Status Affected: Sign, Zero, Error Fieid

STACK CONTENTS

BEFORE

708 = R

N

" e
e 16—




v

32-BIT FLOATING-POINT SQUARE ROOT

7 6 5 4 3 2 1 0
T 7 T i i
Binary Coding: | sr {0 jo [0 o o o 1]
Hex Coding: 81 withsr = 1
0t withsr =0
Execution Time: 782 to 870 clock cycles
Description:

32-b floating-point cperand A at the TOS is replaced by B, the
32-bit floating-point square root of A, CGperands A and D are lost.
Operands 8 and C are not changed.
SQRT will accept any non-negative input data value that can be
represented by the data format. if A is negative an error code of
.. D100 will be returned in the status register.

Status Affected: Sign, Zero, Error Field

BEFORE  STACK CONTENTS  AFTER
B A e TOS e R
B B
c
D
R | JN—
[ ag:

7 6 5 4 3 2 1 0
lsr |

"
Binary Coding: | st | + | 1 [0 11 |1 0] 1|
Hex Coding:  ED with sr = 1

60 with sr = 0
Execution Time: 30 to 32 clock cycles
Description:

1B-bit fixed-point two's complement integer operand A at the
TOE is subtracted from 16-bit fixed-point two's complement in-
teger operand B at the NOS. The result R replaces B and the
stack is moved up so that R occupies the TOS. Operand B is
lost. Al other operands are unchanged.

i the subtraction generates a borrow it is reported in the carry
status bit. # A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result
cannot be represented in the format range, the overfiow
status is set and the 18 jeast significant bits of the result are
returned as R,

Status Affected: Sign, Zero, Carry, Error Field

BEFORE  STACK CONTENTS  AFTER
e TO§ | R ]
B | C
c
D E
£ F
F G |
G R
N A
e 16 ! 16—

32-BIT FLOATING-POINT TANGENT

7 & 5 4 3 2 1 0
H 7 ] 7
Binary Coding: § st L0 0 E 0|0 [ 1 f 0 [ G ’
Hex Coding: 84 with sr = 1
G4 withsr = 0
Execution Time: 4894 i0 5886 clock cycles for IAl » 2712
radians

30 clock cycles for 1A6 = 2772 radians

Description:

The 32-bit floating-point operand A at the TOS is replaced by

the 32-bit fleating-point tangent of A. Operand A is assumed

to be in radians. A, C and D are lost. B is unchanged.

The TAN tunction will accept any input data value that can be

represented in the data format. All input data values are

range-reduced to fall within —«/4 to +#/4 radians. TAN is un-
bounded for input values near odd multiples of =/2 and in
such cases the overflow bit is set in the status register. For
angles smaller than 2777 radians, TAN returns A as the tan-

gent of A. .

Accuracy: TAN exhibits a maximum relative error of 5.0 x
1077 for input data values in the range of —27 1o
+2w radians except for data values near odd mui-
tiples of /2.

Status Affected: Sign, Zerc, Error Field {overfiow)

BEFORE  STACK CONTENTS  AFTER
A TOS —= R
8 . B
C —
D e
| 32 | ! 32 |

EXCHANGE 32-BIT STACK OPERANDS

7 6 5 4 3 2 1 0
BinaryCoding:lsrfOf1Iif1‘Of(}g1j

Hex Coding:  BY with sr = 1

39 withsr =0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TCS and 32-bit operand B at the NOS
are exchanged, After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.
Status Affected: Sign, Zero

BEFORE STACK CONTENTS AFTER
A e TOS ——=e B
=] B A
C C
D D
| 32 | 32 i




EXCHANGE 32-BIT
STACK OPERANDS

7 8 5 4 3 2 1 0
BinaryCoding:isr}0‘0\1]1 0‘0113
Hex Coding: 99 with sr = 1

13 withsr =0
Execution Time: 28 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS

are exchanged. After execution, B is at the TOS and A is at

the NOS. All operands are unchanged. XCHD and XCHF
_-@xecute the same operation.

tatus Affected: Sign, Zero

STACK CONTENTS

&EF

BEFORE AFTER
A TOS 5
] B A
| C C
D - D
J 32 -] . 32 |

KCI

EXCHANGE 16-BIT
STACK OPERANDS

76 5 4 03
Binary Coding:l sr ‘ 1 1{

Hex Coding:  F9 with sr = 1

79 withsr =0
Execution Time: 18 clock cycles
Description:

16-bit operand A at the TOS and 16-bit cperand B at the NOS
are exchanged. Afler execution, B is at the TOS and A is at
the NOS. All operand values are unchanged,

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE

A

i

AFTER

108

: {1

T IMIm S| O w
T|IOIlmmio|O|r

[
i
l

!
]
!
L
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MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

-65°C to +150°C
~55°C {6 +125°C
~0.5Vic +15.0V

~meient Temperature Under Bias
YD with Respect to V5SS

YCC with Respect to VSS ~0.8V to +7.0V
Alt Signai Voltages with Respect to VSS —-0.5V to +7.0V
Power Dissipation {Package Limitation) 2.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumuiations of
static charge. it is suggested, nevartheless, that conventional precautions be observed during storage, handiing and use in order o avoid
axposure {0 excessive voltages.

OPERATING RANGE

F ‘Number Ambient Temperature vss vCe VDD

r.‘—,;‘\m%l 1ADC 0°C = Ty = 70°C oV +5.0V £5% +12V 5%
AmIST1A-1DC °C = Ty = 70°C ooV +5.0V £5% +12V 5%
AMY511A-40C 0°C = Ty = 70°C oV +5.0V 5% +12V £5%
AmISTIADI —40°C < Ty = 85°C [43% +5.0V £10% +12V £10%
AmS511A-1DI ~40°C < Ty = B5°C oV +5.0V £10% +12V +10%
AMGETIADM —55°C = Ty = 126°C OV | 5.0V £10% +12V £10%
AMIYSH1A-1DM ~B5°C = Tp = 125°C ov +5.0V =10% + 12V = 10%

ELECTRICAL CHARACTERISTICS Over Cperating Range (Note 1)

Parameters Description Test Conditions Min. Typ. Max, Units
VOH Output HIGH Voltage IOH = ~200uA 3.7 ! Volts
VOL Gutput LOW Voltage IOL = 3.2mA ’ 0.4 Volts
RS input HIGH Voitage 2.0 vCC Voits

i ‘ input LOW Voltage ~0.5 0.8 Volts
X Input Load Current VES = Vi = VCC +10 HA
oZ Data Bus Leakage VO = 0av 10 pA

VO = VCC ’ 19
Ta = +25°C 50 80 T
iCC VCC Supply Current - Ta = 0°C i 45 mA
Tp = —55°C 100
Ta = +25°C 50 90
il VDD Supply Current Ta = 0°C 85 mA
Ta = —55°C 160
Co Output Capacitance 8 10 pF
Cl nput Capacitance fc = 1.0MHz, Inputs = OV 5 B ‘ pF
Cio O Capacitanice 10 12 pF




SWITCHING CHARACTERISTICS

AmS511A AmS511A-1 Amg511A-4

Parameters Description Min Max RN Max Min . Max Units

‘ TAPW EACK LOW Pulse Width 100 75 50 ng
TCDR C/D to BD LOW Set-up Time 0 0 0 ns |
TCOW C.D to WR LOW Setug Time 0 0 0 s
TCPH Clock Pulse HIGH Width 200 ’ 140 ) 100 ng
TCPL Clock Pulse LOW Width 240 160 120 ns

CELOW to BD LOW 0
TCSR Set-up Time 0 0 ns
TOSW CS LOW to WR LOW Set-up Time ) 0 0 ns
TCY Ciock Period 480 5000 320 3300 250 2500 ns
Data Bus Stable o WR
ow HIGH Set-up Time 150 100 (Note 9) 100 ns
| TEAE EACK LOW to END HIGH Detay 200 : 175 150 ns
i TEPW END LOW Pulse Width {Note 4} 400 300 200 ns
Data Bus Output Valid fo
TOR PAUSE HIGH Deiay 0 ¢ 0 ns
TEEWA DALSE LOW Pulse Data 38TCY+50 | 5.5TCY 4300 | 3.5TCY+5B0 | 5ETCY+200 0 3.5TCY+50 | 5.5TCY+200 ns
i .
Width Read (Note 5; Status 1L.ETCY+50 | 3.5TCY+300 [ 1.5TCY+50 | 3.5TCY+200 ] 1.5TCY+50 | 3.58TCY +200
PAUGSE LOW Pulse Width Write
TPPWW (Note B) 50 : ‘{)0 50 ns
PAUSE HIGH to RD
PR HIGH Hold Time 0 .0 ¢ "
PAUSE HIGH 1o WR .

L TPW HIGH Hold Time ° _ ' 0 . o ns
TRCD RD HIGH to C/D Hold Time 0 o 0 ns
TRCS AD HIGH to TS HiGH Hold Time 0 0 0 ' ns
TRO RD LOW to Data Bus ON Delay 50 50 25 ns

RD LOW to PAUSE LOW
TRP Detay (Note 6) 150 100 (Note 9) 108 ns
TRZ RD HiGH to Data Bus OFF Delay 50 200 50 150 25 100 ns
TSAPW SVACK LOW Pulse Width 100 75 50 ns

SVACK LOW io SVREQ
TSAR LOW Delay 300 200 150 ns
TWCD WHR HIGH to /D Hold Time 60 30 a0 ns
TWCS WR HIGH to TS HIGH Hold Time 80 30 30 ns
TWD W HIGH to Data Bus Hold Time - 20 20 20 ns
Wi Write Inactive Time Command! 3TCY 3TCY aToyY

act im
e nacty Data aTey 4vcY aToY ns

WR LOW to PAUSE LOW
TWP Detay (Note 6) 150 100 {Note 9) 100 ns

Notes: 1. Typical values are for Ty = 25°C, nominal supply voltages and nominal processing parameters.

2. Swilching parameters are listed in alphabetical order.

3. Test conditions assume transition times of 20ns or less, output loading of one TTL gate plus 100pF and timing reference levels of 0.8V
and 2.0V.

4. END low pulse width is specified for ZACK tied to VBS. Ctherwise TEAE applies.

5. Minimum values shown assume no previously entered command is being executad for the dala access. If a previously entered command is
being executed, PAUSE LOW Pulse Width is the time to complete execution plus the time shown. Status may be read at any time without
exceading the lime shown,

6. PAUSE is pulted low for both command and data operations,

7. TEX is the execution time of the current command (see the Command Execution Times table).

8. PAUSE low pulse width is less than 50ns when writing into the data port or the controf port as fong as the duty requirement (TWI) is observed
and no previous command is being executed. TWI may be safely viclated up to 500ns as long as the extended TPPWW that resulis is
abserved. If a previously entered command is being executed, PAUSE LOW Pulse Widih is the time to complste execution plus the
time shown.

9. 150ns for the AmB511A-1DM,
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SWITCHING WAVEFORMS
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T | VA
I— e

t

L—TCDH———' -.———l——— TRCD

N /
g.-.m;-‘-—l TPPWR { PR
—‘K' o i
—-[ !-M'raz EAX.S

THG ] b TP o] it e TRZ (MM

.
*r
Lata A ! QUTPUY VALID )
Pt e Y XN -

.

»

MQOS-048
WRITE OPERATIONS
/
— FTEW _..i TWes
s £ T -
{1
A ]
— rcow_._J
e g

- P Twe TPPRW TPW ™!

H
et —‘*~‘~----—......_..__.._____j Iy

£ B B

i

i f- -
s %—o-‘mw—m_.mw TWE

INPUT STARLE I
TEX ]
| {hote 71 i TEPw
5 B /
ny
% l TEAE
T, s TAPW

% fare I . \

E" (Note 74

i p Tanapn /
; i
H e ; ——— e it
TSAR
TSAPW -

§oicR !

MOS-049

T 24



APPLICATION INFORMATION

The diagram in Figure 2 shows the interface connections for
the Am9511A APU with operand transfers handied by an
AmMS517 DMA controfler, and CPU coordination handled by an
Am3519 Interrupt Cantroller, The APU interrupts the CPU to
indicate that a command has been completed. When the per-
formance enhancements provided by the DMA and Interrupt

eperations are not required, the APLU interface can be
simplified as shown in Figure i. The Am9511A APU is de-
signed with a general purpose B-bit data bus and interface
control so that it can be conveniently used with any general
B-bit processor.
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Figure 1. Am9511A Minimum Configuration Example.
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Figure 2. Am8511A High Performance Configuration Example.
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PHYSICAL DIMENSIONS
Dual-in-line

24-Pin Side-Brazed
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The International Standard of Guality
guarantees these electrical AQLs on all
parameters over the operating tempera-
ture range: G.1% on MOS RAMs & ROMs;
0.2% on“Bi%)o‘iar Logic & Interface; 0.3%
onLinear I.SI - Logic & other memories.
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