dlifoliltlall






ER-FF11A-UG-00

FP11-A

floating-point processor
user’'s guide

digital equipment corporation » maynard, massachusetts



Ist Edition, May 1978

Copyright ™ 1978 hy Deital Equipment Corporation

The walariyl i chis mamuai s For informational
purpTes and is subjeel (o chaope aithant netico.

{Yigital Equiprrent CoTpuTalicon 3550mes no Tespon-
«ibility for any ercors which may appear i chis
manLl.

Printed 1, 4.5

This abscumment s ser on DISET AL's DECsei-R000
conrputecired typeselting systeo.

The valleewing wee trusleonarka of Tupital Equignient
Corporatinn, Wayurd. Masssalvazccts:

1IEL: DECLape FOP

[YECCOM B DECLS EETE

[ECsy stern 10 DIGTTAL TYFPESET-2

BECSYATEM-20  MAZSEUS  TYFISIT-11
LIMLBLES

[P B



CHAFTER 1

R A R
d —

CHAFIER 2

I —

L g L b 1 b B2
e e bed Rd fd P o=

12 -

CHAPTER 4

ta —

A T e e e e b

CONTENTS

Cage
INTRCGDLCTION
L] = T IR 1-1
R S T PP 1-1
Floating-Point Instruciion 5ot Foaturs ... e e me e s seneneees 1-1
[l I N T T - U L-2
F N I N TR I 2 TR t-2
P Y S AL D E R T R T It it e et e TRt -2
BELATED DU M EN TA TN i i - s s e I-3
INSTALLATION AND CHECKOLT
P E oo e e e e ——— et e ——— et e e e et rraea 2-1
FPI-A FLOATING-POINT MEOCESSOR IMSTALLATION .o 2-1
FPI =2 Add=Um Installanionm Praceadiare. ., i seeerierensinens ovraersessnesnnns 2-1
0 O I N - ' N 2-4
[ N~ - ] T o OO TP TRORR a-7
FP121-A11 Power Comporents Installation_ -7
[0 I B L Tt [ T ] | o 29
REVIEW OF FLUOATING-PUOINT SUNBERS
B 0L Y PRI 3-1
T T B E R S e e e e e e et e e 3-1
FLOATIMNG-POINT MU MBERS ..ttt et 1-]
B L o I 1 I L 3-2
FLOATING-PCHNT AINNTHIN ANDENIBTRACTION e 343
TLOATING-POINT MULTIPI.ICATION AMD DIVISION 3-4
DATA FORMATS
e I 1 0 I B e ererrrarres e A-1
ol I N I ot ] O o T d-1
FP1-A FLOATING-POINT FORMAT S, e e 4-1
FP-A Tlaatinp-Point Tiaks Word . i 4-1
LB S R T oy L s L o TR 4-5
Floating-Poial Bapamenl. .o ceeee et meee et e 4-8
FPLL- A PR OGRAM STATUS EEGTI T ER e 4-7
PROCESSIHNG OF FLOATIRG-POISNT EXCEPTIONS ... . rrern 4.3

m



CIIAPTER 5

3.1
532
53
534
8,32
a8.3.4
334
.35
530
337
534
539
53110
5301
5312
3.1
3314
3313
I N
5347
538
5319
5.3.20
5321
5322
i

CHAFTER &

.1

6.2
a2l
al
623
624
625
0,2 0
i, 261
LI T
627
6.3

e

a5

Aty

CONTENTS (Cont)

Fupe

FLOATING-POQINT INSTRUCTIONS
FLOATING-POINT AU UMLULATORS . i et 51
B o T 0 T . Sl
DI T R L T T B L T e e e e e eem e e e e e e e e e e e e §-4
B 10 Tl NN TN T L« o T ST 51
Floating-MMadulo Jastomeiion ..o e -l
L 0 e PP I |
B L R ALt 6 AT T ORI 5-11

Loud Convert [ Double-ta-Flouting, Flosting-to-1douhle) Instructions ... 5-11

Sture Convert (Double-ti-Floaling, Tleslose-Llo-Daoble) Tnstouclions. ... .5- 12

L b B LT T T T PO UR R 312

Test FIBITUCHBN oot i v cvveninns B B N I

s I o 4 TE e 3 T SR 512

MCRALE IMEITUIHIITI e emme e srre s e e mme e e e 513

Lararl Fapament Tnstroellom e 513

Load Canvert Integer-ta-Flesting Tnstruelium. . oo e 14

Slore Exporienl TISLTUGLION ... 313

Store Converl Floating-to-Integar INSUIUCHOL... ..o e o 3-14

Lopd FPITs Program SEAELR e 3-20

bl o 0 ol ol T o a1 T P 3-20

] Lo = R I T AT SRR 3-20

Capy Floulinge Conmdition Codes e, 3-20

Bel Floaling Mode ..o i A-21

Bel Drstihile B o2, i e e 5-2)

St Lteger Mmoo e e 5.

SEE LOME-INEEEET WIDEE ..o e 520

FP11-A PEOGRAMMING EXAMPLES i, 2]
TROCESSDR DRGANLZATION

i T L T TP a1

M RO PR OCESSOR TSR TP T IO e e G2

Wi TOp roEs ST U EHITFLLIUTY e oo e L S

Arithmetic/ Logieal QPeratinma e &5

I 1L PP PPTPUPUR il

Arthmetic Lol LInit (AL . i e e fh-4

- Register e et tr e ey f 11t

Source Operands and ALU Funciions ... e &0

Lurcal and Arithmetic Functions. . e &-10

Loegical Funcrions fardr, P, G and OWHR e a-10

Summary of FIn Defimibiimt. .o f-10

IMSTRUCTLION STATIIS REGISTERE ANDDECODE... e, fi- 111

TRI-STATETREANMSCEIVERE AND BUFFER ... oo B-10

HRANCH LOGIC AND TRI-SSTATE COMTROL e 6-10

COMNSTANTS. BYTE AND SECTOR CONTRON., SHIFT CONTROL ... a-14

P



LHAPTER 7

=-] =1
' '

e de o T ba ba ba —
M —

-1

=3 =d =1 =1 =1

APPENINX A

Figure Mo,

L-1
2=l
22
31
3-1

CONTENTS {Cont}

Page
MAINTENANCE

e R L L U PRR Tl
o O I I L L O PO PRSI T:1
MAINDEC DEFTAA i i i e T-1
o I 1 A 1 ol ol e 7 N T-1
LI T T o 1 o o T-2
KY11-1.B PROGRAMMER s CONSOLE e, 7-2
ol e R O e Bt B I Y N L PR 7-2
R T LT I PPN T3

OFTLION POWER SPECIFICATIONS

FIGL RES
Titla FPage
KD 1-BEA TP -A Sl Tnterfams e 1-X
Blaincenanee Cable IUStallatior. ..ot mem e e 2.5
B D i L T oS 1uutn oo ittt iite s e et E e et e e bt e e e et e smmmmee et e e e e 3-8
Normalization. ... e e Rt et n e e et R e AR e e mm et b ete e e mnnn et 1.1
L Ll R o o 4-2
ol et LT R R T A B T ) RN 4.2
Floating-Paint 12313 Wards...... oo, e 80T e et e mmm e 0o EEEE 4.3
Interpretation of Floating-Point MumbBers. e i s, -4
Lnnormelized Floating-Point FTaction ... ... R 4-3
TPLI-A Status Bepisler FormBlo e eeem e eeeneaee 4-7
Floaring-Teinl Accumulalors e ceeeme ettt mem e S-1
InEtrugtiang) FOPIALS i 52
Fouahle-t-Single Precision BommaiiE oot 511
Single-to-1double Precision Appending ... PP 312
Tnleper Lelt-Fhill Baample oo e S-td
Barmulized Inleeer Exbimiple o 5-15
by T ol b L T i I R 515
Stare Expanent Exam e M @ i i e 3-16
Stome Conver IntegeT EXRmMIIE i ettt 3-17
| N I e I I O 1 Y P T a1
Simplifisd FPUE-A Block DaEmram i v e a2
Microprooessos (AMIO F Block DIapramb. oo ceee e eeme e rrnee fi-3
LN I et T T TS SPROOOTTPTPPRRIN f-8
L s L BT T s TR B-14
I o L T s 1 T RN 73



Table Ma.

CI"\-CI"\-'..'I'I.I'I-FI-I-'i-

1
=t T e D oema

TERTT
BT - N S

i

TABLES

Title Page
TPPTI-A Stalus Remisher e, 3.7
R o I e O T T 41-9
Format of FPTE-A Inslrielions oo e e 33
FTLT-A Instouetion SEL. i e i i i B
ALV Souree Operand Comiesh,. e i e o f-3
L O I T P BT o fi-1i
AL Destimation Contral .o f-7
Sowree Operand snd AT Tunection Malria . a-g
AL Lorie Mode Funtliona ... Gl
ALTE Arithimetic Moo Fanolions i o iriirree e vt s e rpe e mem e h-12
Lagic Equations for & LL Fanctions e f-12
PG Oy OFR Punichions e a-13
PDP-| ] F;uml!". Models and Options Power Raquiremcnis. ..., e A1
PDP- 1] Family Options Power REQUITEMEIZ .. oo emeee e cencd A4-]

Vi



CHAPTER 1
IN\TRODUCTION

1.1 GEMERAL

The FPII-A Tloating-Point Processor % a hardware oplion thul enables the PDP-11:34A centeal
processur Lo execule loaling-poiol aolhoetic epecalions. The FPEH-A peclocms all floaling-poiot
srithimelic operalions and converls data berween mnteger and oating-poimnt feemats, Floaling: point
replesenlarion permils a preacer range of aumbear values than is possible with the canventional intoger
mode, Thus, the FP11-A pption provides a specdier alternative tn the use of software Moatine-poimnt
riatines, and syslem speed 1% inereased withoul complex arilbhmetc codinge coulines thal consuae
vialuable CPL Lime. The FPII-A Fealures bBoth sinegle- and double-precision {32- or 64-bi) capabilicy
and floating-pomt modes,

The FP1E-4 ig an intggral part of the central processar, It operates using similar address modes, and
the same memory management facilities us the central processar. Floating-paint progesacr insoructions
wan referenee the Maatine-point accumulators, the central processor’s penera] repisters, ot any locatiom
I ITETILCY.

1.2 FEATURES
The fallowing paragraphs summarize the festures af the POP-1E/34A Noating-peint inswrection sct
and the TFPIT-A
1.2.1  Fleating-Poiol Tnstruclion Sel Features
= 31.hit {single-precision) and 6d-hit {double-precizion) duta modes
¢ Adddressing roodes coctlpatible with existing PDP-L] addressing modes
# Special instructions thar can improwe input foucput rautines and mathematical subrootines

Allows enecution ol in-line code (ie. Noating-peint instructions and other instroctions can
dppear n ouny sequence desiced)

» Multiple asenmulators for case of data handling

= {an comvert 12- or 64-hit flowding-paint numbers ta 16- or 32-hit integers duning the Store class
af insgructions

v Can converl 33l Nouling-pmint numbers o 64-hit flesling-paint cumbers and vice-versa
during the Loud or Store cluse ol instouctions.

[-1



1.2.2 FPL1-A Features

» Performs medivme-specd, foating-point aperations on single- and deuble-precision duta

Has 17 [decimal) digil accuracy
» {Cpatains its awn micropragrammed oontrol stare

v Containg six 64=bit floaling-point accumulalors

Contains error recovery aids

1.3 ARCHITECIURE
The FP1 A contains scratchpad vegisiers, a floating exceplion address pointer (FEAY, status and
error registers, and siv general-purpose accummlators [ACO-ACS),

Fach sccumnalator iz interpreced to be 22 or 64 hits long depending on the instewction and the status of
the floating-point processor, For 32-hit instructions, only the left-most bits are used. The cemaining
hits are unalfested.

The sia peneral-purpuse accumulators ace wsed in numeric calealations and intecaceumuolator duta
transfors, The first four registers (ACO-ACI) are also nsed for all data reansfers berseen the FRIL-A
and the central processor's gencral registers or memory.

14 PEHYSLCAL DESCRIPTION

The FPLI-A consists of a single hex boaed [MS8267T far the FDE-1] 734A (EDMIL-EAY] and modifica-
tons Lo the M7265 and M7266 boards used in the PDP-11734 ¢ontral processar, (The modified hoards
are desipnared M8265 and ME246, aud the modificd processor 15 designated as the K D11-EAY. Figure
1-1 shows the hasic =ignal paths hetween the central processor and the FP11-A. The hidirectienal data
bug transfers instructiony and daty hetween the processors. An expunded control stece i the KDL -
EA accommadates Qoatinpe-point requiretients.

KD11-E
INETAUCTIDNE fDATA, >
POP FF11-A
11734 FLOATING
L-EN TRAL 10 MIGAG PROGALM ADDAESS LINEE POLYT
PRGGEES0A PROCCEESOR
MBZRS
MBI GE CLOCE
HET1-EA raazEr
INITIALIZE
11920

Fopues |-l KIMLI-EAFFI3-A Signai Inteclace



1.5 RELATED DOCUMNMENTATLON
The follnwing dovumenty supplement this vser’s guide on the FPM1-A Floatmg-Foint Processar.

Manual Docutivnt Mutiber
BAll-K Mounting Box Manunal Ek-BAlIK-MM
BALI-1. Mounting Box Manual FR-BATT-3M
Db 1-W Maintenance Manoal EK-DLTIW-MM
KD 11-E Processor Menual (PDP-11/34) EK-KD1IE-TM
RI030| Bouelilrap Tecmimator Maintenunce Munuoal ER-M9 MM
MM -C/CP Core Memocy Manual ER-MM!IB-THM
MMI1-D/DP Care Memory Manual EK-MMILD-TH
M511-E-J MO Memory Maintenance bMannal FR-MS1IE-MM
FI7P-11 Penpherals Handbook FP-PIIP1I-HE
POP- 11704, 34, 45, 55 Provessors Handbook EP-FDF1174-HE
D= 11734 Peocessor HTundbook EP-t14034-I10
KID1-EA Praccssor Mazval (PDI-] L /34A) ER-EDIEA-MM






CHATI'TER 2
INSTALLATION AND CHECKOL'T

2.1 SCOPE _ _
This chaprer provides ihe information necessary for unpagking, mapection, nstatlation, and checkout
of the FP*L1-A and FPLU-AL Flogting-Poing Progessors.

22 T[PI1L-A FLOATING-POINT PROCESS0R INSTALLATION
The FPLL-A Floating-Point Froceasor aptian far the POP-11:344 CPL) consisss af che following
parts:

. ME2ET - Flawting-point module

2. TIREH] - M-piay wver-Lhe-top conneclor

3 12406 - [0epin over-the-rap connectar
4. WOM2I - Bus extender modale

Frioor 40 the installution of the FPI11-A ontion, the +5 Yoo cumrent availzhle to the PIYE-11,344 CFL

hackplane must be culecluted. The fullowing provedure is desipned 1o help you culealale +5 Ve
cucfenl deain and system confguralion.

221 [P11-A Add-Dn lnstallation Precedure

I. Verife sysiem intcgricy by runping the fallnwing diagnnsties in the arder given.

POHP-11,34 CPTT Tesl DTEKAA
Trups Test (alleast Rev O] D FEAB
K15 Tegt FDE AL
(=124 K memitry excroizer RFOMIC

2. T CPLD u PDP-L1/34AT (See seciul nuanie Lap.)

Yes M
An FPIL-A canned be installed on o FDP-01/34, To uperade a PTXYP-1] 734 W
usc an FPUL-A, an FPIT-ALY kit st be wsed.  Eefce o Paraszaph 2.3,
I Is T box 267 (103 m)?
Y= 11
l Refer (o Parapeaph 2.2.2, BATI-L Box.

4. Calwulace «3 Yde qurrenc drain in the CPU backplans, Celewlate +5 Yo currenr deain far
all sther backplanes in nax [Figure 2-1).



5 Is the votal curecnl drain {alt backplangs) greater than 57 AY [1Does not inclode ME26T
eurrent.h

Mo Yes
Ts gxpunder box aveiable with room and cucrent?
Yo Mu
. Refor to sep 17,

. Refer to step &,
G, 18 the baclery backup (BEL opticn present?

Pt Yos

All jumpers must be ont of all backplanes in box. Refer to Figure 2-2 and slep
9.

Do backplane jumpers check as follows?

CPU backplanc {DI311-FPK).

FIVBta +5 ¥ jumper [n

FIAVBto+15 Y jumper In See Figure 2-2.
SIS YH B =13 Y jumper In

Haler 1o step &

8 All oler backplanes in hea (DD L-DE, TR
FIVHRELo +3 Y jumper Gt
+13 ¥Rt +15 Y jumper In Hee Figure 2-2.
I5 ¥ HE =13 Y jumper In
Ealer 1o slep 3

o 1s slox 3 open in CPL backplune?

Yes e 1)

Ts cocle (MB2L63) in slot 37

MNo YR

| Cuche is placed i glot 3 only il FP iz oo present. When TP e
alded. cache 12 moved o slol 5. Sleds 44 and B oare reserved for
9300 /M B3i2 (Figure 2-10. Remove the aver-the-1op 10T T) con-
nectors and move cache module ( MEA26ERY Lo alor 5 HESLE {11715

l necessary Lo camplele the installation (Tigure 2-1). Refer to sten
10

Refor tn step 100

T
. 1s 1he MO% memuery nstalled in any backplune olher than the CPL backplane®

Mo Y
Add 05 A ar +5 vde For each MO% board nol inslalled ig the CFL backplane

(CPL hax omlyp to the curcent drain tatal Tec the CTU backplune caleulated in
step 4.

} Fefer 1o stap 11,

I~

P
v



[1.

4.

15,

Lt

Is the CPII buckplune cureend droin less than 25 A ar +5 vVide?

Y ex i

The devices must be moyved feom the CPU backplans to some ather backplang
it Lthe ko in arder ta vasare slat 3 and ta reduce the current drain at +35 Ve to

25 A or lesg, This must he done without nverlanding the seeand +35 Ve repo-
lator i the hax.

Is reconlipuring wilkie the box possible?
Yes Mo

(’an the devices he moved to an expander boas withouot averloading
the expander hox?

Mo Yix

Reconlipure the system until e cureest in the CPUT
backplane s less chan 23 A ol +3 ¥de.

Rcler to step |7,

Reconfigure within the box until the CPLU backplane current drain at +5 Ve s
less thum 25 AL

Reler o slep 12,

)
Install the FPIL-A module (ME26T1 in slot 3 of the TT'U backplane.

l+ KY11-1.8 (M 7459 prosent?

Mo Tes
I . . ; .
: Remowe the twa I0-pin maintenanss cahles, f nccessary, from the CPC

(M6} and install chem in the FP modul (ME2RT) 85 shnwn in Fipgure 2-1
Refer to sten 14,

Lastall che rwa oversihe-lap (OTT) connectars as shoewn in Figure 2-10 Dse H3E3Z if the
rache and FF arc hath present

Turn power on and run the fellowing disgnostics in the arder given.

PIIP-11 434 CPL Test DFRK AR
POP-11:34 Ireps Text At leasl Kev, 7 Tk AR
PO 11, 34 EI5 TesL DIKAC
PD¥P-11734 FLF Dingznostic Fari | DEFTFA

FLH-11754 FPF Diagnoestic Part 2 DFFFE

PLYP-11/34 FPP LYisgnostic Parg 3 DFEPC

Ll

Whan it is impossible to ceconfignrs the box 1o accommoedale the TP L-A (AIE267TH withaom
overlaading the +3 % regulator, one alternative is to move sams devices to an expandar bhay,
If an gxpander hox in not present on the swstam, then there are twa wavs oo proceed.

i Remove some number of devices rom the box to cempersate for the 7 A w1 +35 Ve
used by the FPII-A, and leave these devices out af the svstem.

b, Puwslpone imitalletion until an expansion box can be added oo the syalsm.
Kefer to step 6.

Loy}



212 HANIL-L Hox

[y, Calewlate the curren deain at +3 Vde for the ockplace (DD -PRY (Table 2-1 and Figure
2.1}

[ Is s5lat 3 open in the backplanc?
e it
I5 the cache (MBIA3] 10 slat 3
Nu ¥ies
Rcemave the aver-the-top (OTT) conncerets and move 1ne cacle

module (ME26H) toslot 5, An HES2Z OTT is nocessary to complens
installacion (Figurs 3-1}.

1 Reler ta step 20,
Refer to step 2.

r

Hl Is the power supply am HT77-AA AB. BB (25 A versinn)?

Yes ™

| The power supply must then be un HIT7-CA, CB, DAL DB (32 4 version).
Is the tral coreent deain at +3 ¥de lese than 23 A (withour RIE2ETY!
Yes Mo

The devices must b moved from the CPL bBos Ly an expansion
hua in onder to vecate slot 2 0F necessary, und o reduse the cuerent
drain al +5 Ve te 253 A or lese. This must be doae wichour cver-
Toading the expander bax power supply

Is the cxpander bax available with coough room and powsr!

Yes Mo

i ‘_ Refer Lo step 17,
Reler w0 slep 12,

1 L

-

210 15 the total cucecod drain at =3 vde doss than 1M A (withowe B 8267)?
Yes o

The devices must be moved from the CPLU Dox te a0 expacsion box in erder 1o
wagate sl 3, 00 nevessary, and 1o redwce the current drain at —3 Ydeoto (4 A& or
less. This miust be done withour overloading the expancder hox power supply.

I3 ihe cxpander bax available with cnough room and puewer?
Yes Mg

Hefer ta step 17,

Hecnnfigure the system wntil the CPL box curecas deain at +5 ¥doos less than
18 A

Refer 10 step 12,

22, Refer 1o step 12,
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13 FP11-AL UPGRADE KIT

The FPLI-AT upgrade kil conlaing power supply componends necessary o ingrease che +3 Vde cur-
et levels aeailable from the 26,7 em (LS an) mounting hox. The purpase of the uperade kit s e
provide a method by which POP-11/34 OPU camopse the ostung-peiot (FPE-AY oplion. Sinee the
FEIT-A 15 un aplion for the PDP-117344 CPL addisonal hardware is reguired e apgrode the POP-
11744 models 10 include the Neating-point oplion. The fellowing pacts are redquiced.

ME265 - Dutd pull module

M2 - FP module

MEZAS — Conrol modube

HY4d| - Regulator module

HAKA| - 20-pin gvee-the-top connector
54-12416 — 10-pin aver-the-top cennecter
Waldr — Bus exlender modole
J4-1BI4Y A - Power disteshution haard

-3 Ok ln Ba s b o—

The toals required are:
[. Phllips serewdeiver fmedium and laree)
2. Slot screwdriver [larre)
3. 90 depree offser Phallips screwdeivar,
2.1 Fr'11-AL Power Compuencits Installation
CALTLON
Tum off pomputer system and disponmect it from
power source hefore perfarming installation pro-
cedure,
1, %lide BALI-K maunting box out of the cabinet assemhbly ta the limits of the chassis slides,
1. Heleass and remave mounging hox top gover to gain access to HYG5 power supply azssemibly,

i, Loosen and remove cable clamp that secures Lhe cables thar are couled across the top of the
power supply.

4. Tawisen and remove power supply cover.

(=)

Rotate the mounting box in such o manner that the baliom of the mounting box Teces away
Traom the cabinet (bos retatesd ) deprees).

,  Loosen and remove mouncing box botoom cover o gain aveess 10 the power distribution
haard logated betwgen the power supply and the backplane.

CALUTION
Do owl retore the himpe screws {ooe on each side)
located af the Junctiva of the power supply aod the
medule enclosure near the lop sde of e Mownting:
hox.

7. Remave four flat-kead screws (o washers) located approaimately E0 cm (4 in) from Lhe
bottam af the maunting box and at the junction of the power supply and the module enclu-
sure wisembly. The et supply can now he swiveled away from the module enclosure.



(LI

14.

15,

1h.

[

L4,

2.

l.owcate the H744 +5 Vdo regulator assembily, This regulacor s the secand module from the
right when viewing the bollom of the mounting box fmom the wice-wrap side of the hack-
plane.

Locate and remove the two mouning screws and washers located just o the lefl of the 11744
Wate-M-Lok corncctor. [here will be a groen safety wirg scoured by one of these seroas,

MNOTE
A W depree offsel Phillips-head serewdriver s re-
quitd to remore these serews nod atlached hard-
ware,

Lowate and remave the last retaiming serew and washer Jocated om the hack of the power
sunnly end 1o the lefl of the H744 decal.

Belease and relmove e TI74d blareN-Lok connecior.

Remows the H 744 regulater by sliding it out through the tap of the power supply assembly.
(Mate that the mounting kox mav have ta he rotated tn aceomphsh removal )

Feplace the H744 reeulater with the H74 | repulator {included i othe opgrade kil

Eeplace muunung hardware removed i steps @ and I, Do pol connees the HYA41 Mate-M-
Lok codmecter a1 this {ime.

Keoleane and remove the three Mete-MN-Lok conneclocs connecling the cemaining raulatars
it the power distribution boord assermbsly:

Locate und remuove the bluck ground wive seldered o the power distribution haard (ocated
near 1161, Remoeve this ground wire feom (e power supply and the medule enelnsure ussem-
bly.

Femovs the +3 ¥ and ground fastans Fraom che power dislnbotion boared (Jocatad near J14)
Helegse and disconnect Mate-W-Lok vommector froat JE oa the power distriburicn hoard.

Lovate and remove four flat-lead sorews scouring che pawer distribution board L the mod-
ule enclosure aesembly. These screws arg lagated {two on cach side) 5 e (2 m) fram the
bottom of the movnting hox and rear the junction al the pewer supply and the module
erclosurs,

NOTE
The removal of these Four acrews will allnw the re-
nwal of the power distribation panel which in turn
will allow remeval of all bachplane Male-MN-Lok
COHNECTOTS.

Release and disconnest all backplune Mate-W-Lok connectors,

Release and disconnect twer Male-N-Lok cannestors connegeing the puser dislribution
hoard to the power supply.

Remave the puower disteibulion board.



23, Fcplaps the power distribulion bowrd with the gew 3410833 A power digteibution board
{included in upgrade kit).

24, Reverse prosodure (stepe 22-14 and steps 7-11 to inszall the new posweer distnbution naurd
and to roiurn H}-’EIETH to normal.

23.2 FP11-AL Logic Installution
Eefer to Parapreph 22,1 and culewlate +3 ¥de current draio and systetn conligaerauon.






CHAFTER 3
REVIEW OF FLOATING-FOINT NUMBERS

31 INTEODUCTIONM

This chapeer briefly outlines some fundamentals of leating-poinl arithaedic. I provides neeful hack-
gromund far mare advanged tapics in later chapters, The reader already familiar with floating-point
numbers and arithmetic may skip thia chapter and continue to Chapter 4 for o discussion of FP11-A
date Frrmals.

3.2 INIFGYRS

All data within 4 ¢omputer sysem can be represented in infeger form, The numhers that can be
represented in e 16-hit machine range in magnitude Mcom IS to 177777 {or from O)p to 635360
Huowever, this presents problems with mteger representation. A number between 1 and 2 (fnr gxamnle)
o numbers greater than 65,3300 can net be represented. Thus, inteeer represenlation imposes an
aceerac and a reege limitation,

These limitatigns are imposed hy the stationary position of the rediy peed (... the decimal poinl in
hase 1 nutatinn or the binary paint in base 2 notation). An ingeger's radix paint is wsuaily amitted in
integer Tepresentation because 1t always marks the integer’s lesst significant place. That is, chers are
never any dipits Lo the eighl of an inleger's rudix poinl. For this reasan, an inteper is sometimes culled a
Simdl-podnl number

Integer notation. howewver. can be modifled 1o overcome the range and accuracy lutilalions unposed
by the fixed radix point. This is acgomplished throogh the use of focuine-poir notation,

A3 FLOATING-POIMNT NUMBEES

Flagting-point numbers, vnlike integers, have no position restriclions imposed on their radix points. A
ponular type of floating-point represcriation is called scientific notation, With scientifle noiation, a
Nualing-point numher i represgnted by some hasic value multiplied by che radix raised to some power.

Example

Hasic
value
Exponent

LAOCKON g =1, % LI¥

\\Ruuix



There ure many ways ¢0 reprerent the same number in scientific notatinn, as shown in the sxample
below.

312, = 31MK. X 10
= i, x 10
= 3% w0
= 512 W
= 512 K
= S12% 107

'T'he copventinn chasen for ecpresenting flodting-point oumtbers wilh sclentific notatian in the FPLI-A
reqnTes the rudix point to always be 1o the left of the most significant digst in Lhe busic value {e.g.. 512
3 102 in the above examplel. This modified basic value is called a feaclion.

More exampies of scigntific notation are shows below,

Decimal Decimal Cietal Binary

Mo, Neilent. Mo. &eleol. Mo, Seient. Mo
fid (hd % 02 ol o= ot x
31 0433 = 10 0.d] = < O 100001 = 24
172 5 = 100 0.4 x &0 01 o
Iila ra25 » 10-L 0.d x 31 0.1 w o

Mote thal in each af the examples sbove, only significant digity are recained inthe linal result and the
racdixz poinl 15 always [By coonvenlion) we the lelt of e moest siemicant digl. Celablishimge the radix
poinl 1 8 aember whose basic value iz greater than or equal to | s accamplished by shifling the
number o the right until the most significant digit is o the right af the radis paint. Kach right shif
causes the cxponent to he ingremented by [, Simibarly, estahlishing the radiz poomt in o number whase
basic valus is beoween 1 and 0 (i.e., a (raction] s sccomphished by shifting the number Lo the 180 wntl
all lending (s are gliminated. Buach lefl shilt causes the espenent Lo be decremented hye 1.

T sunctaciee. Che value of e number ceins comstant iF 255 esponent is neremented Jec each rieght
shilh ol 1 basic value and deceessenied Gor 2ach lell shill, The ceorescatatiaon Ter Saating-painl
lroclione in the FR-2A i ooe in which all noesizoilicont eading 0s Save been ceinavel, The process
vl Lo ablaic this cepresentation is called sormafizasiog. whic is explained i3 ocoore detal] in Paca-
araph 14

A4 NORMALIZATION

it diwital cocsiputezs, the number of hits noa fractan s hmiteo, Reteocien of nonsignificant Teading Os
decreaics aecnracy hy taking places that could be Glled by sipnificant digits, Tog this reason, 8 progess
called nocmalizatian is ed inrhe P-4 The mormulizalion provess consists of Wsting 1he fraction,
for Icading D3 and left-shifting iz until it 3% i the Toom 001 00 The cxpanent is axeordingly decre-
memed e the number af ert wzafts of the fraetios, This snsares that the sormalized number retams
evuivelence with the original numhber. Fmee donits e the rght ol the blnaey podet are weighted wirh
inveose poekers of 200, 102, 154018 000, the smulest normuheed Traction s 120050000, 1 The
Lusest novmalized fraction s 0TI Lo L Figure 341 shows an unoocimaiized fraction chas mmust be
lell-shilled siv places tn he tormubred. The siponenl s decrsmentzed 0% §iv 1o mainiain squivi ence
witll 1he eriginal namhber.

g}
1
o8]
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Figuse 3-1  Mornsalizacion

Problem A - Represent the aumber 750 as a bioary oorstalized foating-point aumber.

1. Integer comversiom

50 = 1001012

2. Convert e floating-point form

TODLOLT0 = 20 = L HHI0F] % 27

0.10mm1
L11

Fruction
Exponent

FProblem B - Reprosent che numaber .23 0 45 a binary necmalized floading-poins nunber

[.  Integer conversion
02557 =043

2. Convert bt Roating-poine form
D0 x 20 = 1 x 2!

Fractian = ol
Eaponent = -1

A5 FLOATING-POINT ADDITION AND SUBTRACTION

In arder o perform foating-poine addition oe sublraction. e exponents of the teo Toulina-puoint
numbers involved tiost be ahgned ar cgual, 1If they are nat alighed. the fraction with she smaller
eapanenl ix shified ripht unts] they are. BEuch ghift 1o che right ie aceompaniod by an ingrementation of
the associutled exponent. When Lhe exponenty are uligned or eyual, the lructions cun then be sddsd or
subtraceed, The cxpencnt value indicates the awmber of places the binacy pousl 5 o be oved o

ohtain the integer representation of the number,

[n the example below, the number 7, is added te the numhber 40k g using faarting-point representatian.
Wale 1hal 1he eaponents are Nicsl aliened wod thee the ractions are added; the exponent valoe dicoates

the finai lecation of the binury points.
0,107 (KD QLK) 8K 4100 % 26 = 30y = 40y,
LT OMKY OUF A KN X 28 = Ty = T

3-3



L. Toalien exponents, =hift the ltacton with the smaller expenent three ploces w the nighrand

increment e exponent by 3, and 1ken a4 she two Dectuens.

ST (0 LR OO (K g e = S[':lg = dlkq
HOOM0 111 000 000 000 X 26 = Ty = Ton
0,101 111 000 000 000 3 26 = 57, = 47y,

2. Tafind the integer value of the anawer, move the binary poinl six placee. Lo the right.

5 7
—— i,

CoLOt LB, O DK 0
L

L6 FLOATING-POENT MULTIPLICATION ARD THYISION
In floating-proint multiphication, the fractiony are multiphed and the exponents gre udded. For (lowt-
mg-purint division. the [ractions are divided and the expenents are sablracted.

There is no reguicemient 10 align e bmary point in Roating-point multiplication or division,
Example:
Mulliply Tiq by 40y,

1, DI % 22 = T = T,
0 10T000E 3 20 = 50y = 404
111
000
100

D0 LOD00HNH) = 29 {Kesult alreudy in normalized foem.)

2. Move the binary point wine places 1o the right,
A 30
OO0 L1000 (A0 = 43k, = 2ED;,
o f
Example:
[Dvide 155 by 5)n

. LTG0 % 24
Qa0 x 23

OO0 ) 1011000 -

1. 10000

lmmmu} 117 10K D000
[RUIREA]LA]

[0 1€CX)
[N

it




Fxponent; 4 - 3 = |
Result: (100K = 2

Wormalized Fesule: 1100000 = 22
NMormalized Fraction Mormalized Cxponent

Muove binary point lwo places 1o the cight,

100000 = 35 = 3
(o






CHAPTER 4
DATA FORMATS

4.1 INTRODLUCTION

The FF1I-A requires its input data (operands) te be Jormutied, Formatting allows the FPIT-A to
nrocess operands mmoa meaning ol way and produce cerrect results. There are Tour dilfferent fermats Tor
ppreranls input 1o the FP1-4; shom-integer Sovmat 11, leng-inteeer furmut (L), sogle-pracision Tor-
miel {F), and double-premsion Formatr ().

Output daca from the FPLL-A g aleo Formaued. This vulput data is in the farm of:

I, EPH-A stutos information and FPE-A exceplion inlormativn required by the CPL
2. Dala sent Lo rmemory §viz the CPLY, which mvst be in 1L L, T, ec D formal.

This chapler describees the FPI1-A dats Farmats. It is assumed Jhat the reader 3= familiar wilh 2
cnmplement notacion,

41 FPLL-A INTEGER FORMATS

There are two integer formate, share {0 and 'opg (1% The shor-integer tarmat is 16 bits long and the
wing-incseer format == 32 bate lang. ate wards (aperands) in onteger Farmat are reprosented in X
cimplemens notatien. In both Tanc 1. termats, the most significang hit of the data ward s che gign hit,
ieure -1 shows Lhe mmlegers 5 und =5 in hoth T and L [nrmats.

Fipure 4-2 ilbwstrates the formacs mowhich mtegers arc arranged in megporp, INICRECE SCOT 10 NRMOCY
st be in e of these Jormale, interers received by the FPI-A arg arranged and manipulaced
aceording 1o the type of instroction being execoled. Feler b Parapraphs 53500 and 33012 Tor descrip-
tiana af the ways in which incoming inregers are matipulared during the Toad exponenl and lowad
cinverl inweger-ce-floating instraciions, respactively.

43 [P11-A FLOATING-POINT FORMATS

There are L Moaling-peint fuermeats, smgle-precisim [Fyand dooble-precision {0, The single-precision
formal is 22 bais long and the double-precision Tormat is 64 bats lone. Figure 4-2 showes chat the most
signifigant bit ig the gign of the fractien (and the Noatine-poinl number being represented). The next §
hits contain the value of the cxponent, expressed in excess 200 notatien (Paragruph 4.3.1.27. The
remaining hits (23 Eor smgle-precision, 55 for deuble-precigian) contain the feaction, The fraction and
1% assrctiled sign bil wre expressed mosign and magnitude notetion [Paragraph 431,10,

4301  FPil-A Fleating-Falot Dara Word

Figure 4-% illustrates the farmats in which floating-paint numbers dre wreaneed in meorry. Floating-
point numbets sent o memory must be i one of these formats. Floating-point numbers received by
the FP11-A are arranged as illostraced in Figarg 4-4,

4.1
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The sign bit, gxponent hits. and fruction bits in the FP1L-A data word have the same values a5 the dala
word in memary. Mote, however, thal the FPLL-A data word has mare hits chian ot counlecpart in
memory. This is because the FPLL-A has provigsions for generating an overflow bitamd a “hidden™ hil.

For piefposcs of drsenssion, the FPI-A data word cars be thoughr of as being divided wfo 190 majnr
parts

1. A Tractiam, wilk ile associated s bit, bidden bit, and overflow bt

2. An exponenl.

4311 Floaling-Point Fraction - The fractioe is espressed o sien and stagnilsde netatiaon, The fol-
lowing simple example Ulusicates che idea behind sign and magniiude noation,

2"z Complement
Noration Sign aod dMagnelude Nolalion
+2 CXIRITA e TN |
Sign Magnitude
- AR L e 100010
Sirn - Maenitude

Only a change of sign hicis required to change the sign of 3 number in gign and magritude notation,
Mote that & positive number is the same in hoth nodations,

Unnormalized Nesting-point fractions have g range [tom approgsimately O throoeh 2 4 shawn in
Frgure -3, The FPL-AL bowewer, noemalizes all yanormalized fractions. That is e fractions are
adjusted such that there woa 0 to the l=ft of the inary point (hit 63 and a t 1o the mghe of the hinary
potit {hil 823, Thus, normulized fractions ranpe 1n mapmitude Tromm O L o117 ar fram 172 o
approsinately 1.

a3 57 F1 i | . z ) 1 ]
) T
SMGl | FST | _ |
MOR-TERC MomRER] [ o 1 n | ] 1 21 1 | AFPRL:EIMATEL ¥ N
1
I |
1 1
fi L2 :H EL r . 3 1 i q
1 1
LaRGEST o ..
uowz=A0 ML GEER] Ta| ! 1 1 | 1 1 1 | aFFEGX Mokl v 2
| L
a3 1

Al 1eL?

Fugare =% Uozormelzed Fladiag-Fooi Fraction

4.3



The Mrucuon overflow bil (bt 637 15 zel dunne cerlain anchmelic eperations. For exampls, during
addition. cerrain soms will produce an overtlow such as 0, LKMo, + OL10, . which yields 1000 .
This result must he narmalized, so the FPL1-A right-shifts the fraction one place and incresses Lhe
exponcat by one.

Bit 62 is called the hidden bii. Rcocall thar since fractions are normalized by the FT'El-A, the hi
irmmediately ta the right of the binary point (Bt 623 iz always 8 1. This bit is dropped when a fraction is
scnt to memary and appended when 2 fraction is received from memory. This procedure allows one
cxtra bit ol sigmicance in oating-point fraction representation.

4.51.2 Fhuatisg-Poinil Exponent - The 3-bil loaling-point expenent is expressed in excess 200 nota-
lion. The vhuart below illuslzates the relotionship between ¢xponcats in 2°s complement noation and
“RpOner!s in excess MMF aatatian.

25 Complament Excess 200
LT Miost positive exponestt 20T Most positive edponent
Positive I Trosilive
Lawpunenls < Exponents
L0 Leas [OSLILY &K=t L 200 Leust positeve eXponient
277 Leasr nepative exonent L7 7 Laasl nesative eXponent
Meaative Marakive
Exponcnts Lixponenes -
200 Most mezative exponent L0 Mokt negulive expoosnn

Watc 1hat an exponent in gxeess 2000 notation s oblained by simply adding 20 to the ¢xponent iz 2's
camplement ratatian. Thus, B-bil sxponents in excess 200 notation range from 0 ta 377 (or from =200
to 4+ 1770 A number with an eaponent of =200 {reated by the FPL1-A as il

For cxampls, the number 0.1y s actoally ¢.1 % 2F, and the exponent is represented as 10 00K 000
bscawse 200k renresenls an exponcnt of zero, Figure 3-5 twstraces the ranpe of Ooating-point ouitibers
that van be handled by the FPL1-A. Far simplicity, @ Jraction ierglh of onle theee bits is shown.

44



44 FPil-A PROGEAM STATUS REGISTER
The FPI1-A cantaing a residont program status regiser that coataing the fioaling-point condition
endes (cwrry, overflow, rera, and negative) that can he zopied into the contral pracessor, In other
wardy, FW, FAFY, and FOC ocun be gopied inta the CPL s N, 720V, and O coedition codes, respec-
Lvely. The progrum status register alzo contains 3 mode bate and additional s to crahle various
intercupl cenditiens. Tigure 46 shows the layoul of the progcam satus repisler. Cach bl shown o the

Cigure 15 described 11 Table 4-1.

MOYTE
The FP11-A has na | nihps addreases. Al FPLI-A
registers are accessed by Aoating-point instructions

only.

HILLE P kL BCIEL W TH UDHDIL I SUDES
15 11 43 1w ouow G o5 o4 5 £ 1 0
' ) I I 7 T
e AT T FI' FE FT I
FIo HET TIu FIC L i e e
UZEZ -GED
LRl
Figure d-fc ["PIT-4% Situs Bspieter Tirrps
Table 4-1 FIM1-A Stalas Register
Bir M ame Yunctinn
15 FER Thiz bil indicates an error condition of the FPEI-A
14 Flix Floating Inaterrupt Bisable - All intercupts by the FPTE-A are disabled
when this hit 55 on. Poimacily Tor mainienanes use, Motmally clear.
11 Mot [ ysed
L2 Mo Llsed
Ik FILY Flouling Tnterrept en Uondelined YVacuble - When Lnis bl s sel wnd a
=0z obtained [rem memory, en izlecrupl ocekere, T the bil 3 not sel, =0
i be leaded and stered; however, any arithmelic epecation Ieeals il as
i @ were a positive Q.
I} Fivl Flaating Interrupt on Lnderflow - When this hit s set, an anderl e

condition cawses o Moaung underfTew interrupl. The reselt ol the aper-
uliom causing the interrept 15 correct except ot the expanent. which 1s
ol by 90k, I the TTU &5 manl sl and undderflow vocurs, e resull s set
1o £ P,




Tahle 3-1  FPL1-A Status Begister (Conth

Bil

i (13

Fumetion

30

FIV

FIC

F1.

FT

Myart L seck

FM, B B,

and FL

Floating Interrupt nn Ovverflow — When this hic is set, flogting overflow
canscs an interrupt, The result of the operation causing the intcrrupt is
correct exegpt for the exponent, which is off by a0y IF the FTV bit i
ot set, the reselt of the operation is the same: the only differcnos is that
the interrupt does nat goeur.

Flooticg Tatereupt oo Inleper Conversion Ercor - When s bil 1s seL
and the steee convern doaring-Lo-inleger steuerion cavses FC 10 be ser
{tndicating a conversion crrork, an inereapl occurs, When a conversion
agcurs, the destination register ie clesred snd the sourcs register s un-
touched. When FIC is rescr, the result of the operation is the same;
however, mo intercupl goeors.

Double-Precision Mode Bir -« This bit, when set, specifics douhle-pregi-
gion Tormat and, when reset, specifies single-nrecision [oToout.

Lome-Precision Integer Mode Bie - This bit s emploved during can-
version belween imleper and floaling-poioc fortat. IF set, donble-presis
sivn 2%y -;.-;.u]]ph:muul imleger focmtal of 32 bis jg spegificd; of reset,
single-precision 2°s complemenr intcger format of 16 bits is specified.

Truncate Bit ~ This hit, when set, causes the resull of any oy lng-point
aperation te be truncuted rather thun roonded.

These hitzs arc the faur floating-point candition codes, which can be
lowded in che CPL's M, 2V und O comditiun codes, respectively. This
i5 aecamplishied by che copy Uoating condilion codes (CFCC) nslruc-
Lieo. To delerimine how each iostruction affects the conditon codes,
refer 1o Tahle 2-1,

45 TROCESSING OF FLOATTNG-FOINT EXCEPTIONS

Locaiion 244 is she ingerrupt veetor uaed W handle all Doating-point interrup:s. A total ol sy possible
intcrrupes can aeeur. These pessible inteerupt exceptions are eneaded n the FPTI-A exceplion code
{FEC) register. The interrupt exceplion codes represent an affset inta a dispaleh Lable, which rovtes
the progeram to Lhe right erroc handling routing, The dispuich tuble is o lusteticn of (e software. The
FEC lor esch exceplion is beicfly descrined in Table 4-2.

Belfer Lo the POP 0, 30, 45, 45 Proversor Haedbowek Tor further dotails concereing FP11-A sxoep-

LLcams.

lee addicion 10 the FEC register, the CPLY concaine o 16-bit floating exceprion address (FHEA) register,
which stores the address of the last floating-paint inslruction Whar goused A floating-print exception.

4.5



Table &2  FPI1-A Exception (lodes

FPLI-A
Exveplion
Cuodde Irefindilon
i Flouting Op Code Error - The FP1E-A causes an inferrumt
for un erreneous ep code
4 Floating Divide by Zerc - Dhvizion by zeco cutses an inler-
rupt if FID 15 not ser
] Floating [ar 12guble) Integer Coanversicn Brrar
[} Floulimg Owerflow
12 Floating LUlndorflow
14 Floating LIndefined Variablc

NOTE
The mraps for exception codes 8, 10, 12, and 14, cun
be enabled In toce FPII-A propras stulus repisier,
All traps are disabled IT FI1I) is set.
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CHAPTER 5
FLOATING-POINT INSTRLUCTIONS

5.1 FLOATING-FOINT ACCUMLULATORS

The FP11-A conlaing six peneral-purposs accumuolators (ACO-ACS) These arcumulators are f4-hit
reud Swrile sccalehpad memuorcies with aon-destruclive rendoul.

Fach accurnualaar is interprated as beite either 32 or &d bits lone, depending o the umsteuelion and the
FP11-A siztus (Chapter 43 IF an agcumulator is incerpreted as being 6d bits long, 6d bits of data
oceupy the entire accumulator. 1T an segumulator is intempreted =5 being 32 hits long, 32 hits of data
oceupy wnly che left-mast 3 bits of an sceomuletor as shown in Figure 5-1.

The tfloating.point accumulawors are wsed 1 onmeric calenlations vnd wiecaccumulator daty transfers.
AL I-ACT arg ured Far all data transfers berween the FP11-A and the CPU ar memory.

Fd BT SO0 IMULATIEH

-
Cadn AR ULATON N
— - -
|
o
LUTHR D ATOFS f 4
- —
4] |
A — . —_———
A A )
MSA LEG
LA B
Figwre 51 Floating: Poinl Sccomuolior

51 IMNSTRUCTION FORMATS

AnFPIE-A doslruclion coust be in one ol Nive Eormials. These Tocimale are swmciarized in TFisuee 5-2,
The T=hit AL field (hits 6 and 7y allews sclection of serafchpad accumulators O through 3 only.

IU anldresa mode {+ 35 specified with Formats F1 or F2, bits 2= arg nsed to select a floating-poinl
avccamulatar, Only wecomuolators 50 can be spemfied o mods 00176 ar 7 s specified in hits 2-00in

nicde O, the FTL1-A lraps if Noating-point intercupls are enabled {(FTD = 0. The FEC will indicate an
illggal op eode crror fexeeplion code 20,

a1
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Biwame 52 Losbroctisn Fermels

The fields of the varions ingtroction formats {as summarized in Table 5-1pare interpreted a5 bllowe.

Mremmic

L

FacC

SR

(24T

FsHL

FIT1

P

Dieseription

Crperation Code - All flaating-point instructions are designuted by o 4-bicop
eode of 173,

Floating Operating Code - The sumber of bits in this fickd varies with the
format; the cinle is used la specify the actual Flaating-point apeculion,

Source — A A-hil source Field identical to that m che FDP-11 matructiun.

Destination — A G-bit destination held identical i thatn g FDP-L insteoe-
g,

Fluating Souree - A 6-bit Eield vsed anly in farmat F1. Lt isdentical 1o SRC,
excepl i mode 0 when it reforenees a floating-poiet eocumulator ralher thia
o CPL peneral ecgister,

Floaling Deslinarion - A Gt field used in formats Ft and T2, I i identical
ta DST, except in mode (F when it relerences a foaling-poinl accumulatar
instead of 3 CPLI peneru] remster.

Avcurnulatar = A 2-hit figld used o formats FEoand F3 1o specify FPIT-A
suralchpad accumulators 0-3



Table 5-1 Foroiat of FP'11-A Instroctioos

Inatruction

Fominat Instruztian M nemonic

Fz ABSOLUTE ABSF FDST
ARSD F[IST

F1 ADD A1 FERC, AC
A 300 FSELC, AC

F2 ClLEAR CLEE FIIST
CLRIDTDST

Fd COMPARE CMPF FSRC. AL
CMID FSRC, AC

s COPY FIOATING CONTHITION CORDES L ol A

Fl INYI[IE DIYF FSRC, A
YV FERC, AL

Fl LA [.OF FSEC, AC
LOD TSRC, AC

1 LOAD CONVERT LDCFD FSRC. AC
FDUIVF FSRAC, AC

Fl [ CONYERT INTEGER EIMCIF SHA, AL
LIS HRC, AC
LDCLE SRC. AC
LDOLD SBRC. AC

Il LOAD EXPONENT LDUCXPSEC. AC

F4 LOATDYFEPIVS PROGRAM STATLS LDEFFSSRC

Fi WAL MODF FSREC, AC
MODD FSEC, AC

1 MULTIPLY MUILE FSROC, ac
MUT.L TSRO, AT

F2 SMEGATE NEGEF FDIET
KNEGD FDST

Fs ST DOUBLE mMOE SETD

s SET FLOATING BMODE SETT

s SETINTEGER MODE SETT

F5 SETIORG INTEGER SODE SETL

Fl STORE STF AC. FDST
BT AC FDST

Il ETORE CONYERT ETCFD A, FIIST
STCDE AC, FRST

Fl STORE CONYERT STCTT AC, 38T

FILEMATING TO INTREGER STCTL AC, ST

ETCDT AC, DST
STCDL AC. ST

I3 STORE EXTORENT STEXE AC 1I5T

Fd STORE FPIIS PROGGRAM STATLIS STEPS DRT

F4 SIDHRE FPIIMS5TATLS STSTDST

Fi SUBTRACT SUBF FSRC. AC
SUUATY FRTC, AL

T2 TEST T51F FDET
TSTD FDST

a-3



£3 INSTRLUKCTION SET
Tuhle 5-2 pontaing the instructian ser of the FPLI-A, Some of the svinbalopy may not be familiar.
Therefure, o brief description Tollows.

1.

1

f

A fleating-paing lip-flop, desipnaled FD, determines whether sinele- o1 double-precsion
floating-poine format is specified. If the lip-Mop s cleared, single-precision s specifed wnd
is designated by Fo I the fip-Tlep o set, deuble-precision is speeificd and is desipnated by T,
Fxamples arg WEGFE, NEGD, and SUBD.

NOTFE

Only the assemblar or compiler differentiatea he-
twean MEAF and NEGI wc LDOCHDY or LIMCLIY in-
structions, The Floating-point dees not differendiste
berween the losthucilods but depedds upon Ui roalue
ol FI} and FL as wsually concrolled by SETD,
SETF, SETC, and SET1 ingtructions (i.e,, [IMI]
-+ 5ET1 -+ SETD = 1.DULD

S ninceger Mlip-flop, designated FL, determines whelher short-tnleeer or lene-inteper format
15 specified, IF the flip-flap is clearcd. shart-inteper formar iz specified and is designated by 1.
LF the Mip-flap is set, lorg-intcger format is specified and is desipnated by L. Taamples are
SETI and SETIL..

Several converl-Lype instructions use the symbology defined belaw,
ClLFD - Convetr inleger 1o floaling
Crp,n, — Convert Moating ta mteger

Cr oot Cp - Converl single-Moating L dunble-Moating or comverl deubie-MNosting ta
single-floating

LIFLIM 1y defined as the largest possible number that can be represenced in flaating-point
furmal. This number has an exponent of 337 dexeess 200 notation] wnd o Fraction of all 1.,
Moate the UPLIM s dependent on U fortwl specilied. LOLIB is defined as the srmallest
possible number that is aor identically 0. This oumber has an expostent of 001 and a Jeaction
af all s exgept for the hidden bie,

The lollowing conventiong are used when celeroing to addeess caticns.

(axax] = the contents ol the Tocation speciBisd by xxxx
ABS (uddress} = ubsolule value of (address)
EXP [address) = exponent of (addeess) in excess 200 aotalion

Same of the octal codes listed n Tahle 5-2 are in the Torm of muthematical sxpreesions.
These gctal godes gun he caleulated as shawn n the lollowing examples.

Exumple L: LDFTS Instructios
Made 3, register 7 specified {F nscruction formaut)

17a10 4+ SRC
SREC field is equal o 37
Basic op code is 170100
SR and hasic op code are sdded to vield 170137,
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Example 1: LDF Instrection
ALY made 3, and register & specified (FI wstruetion foemar).
(72400 + T » [ + FSRC
A =12
2= 100 = 200

172400 + 2410 = [T
FRRL is cqual to 24

172600 + 26 — 172626

AC y L means thar the accumulator field (bics 6 and 7 in formats FI and F37 iz legically
LR ed wath 01,

Example:
Accumnlator fiebd = bz 6 and 7 = ACZ2 = 10 ATy ] = 1
The informatinn in Tkl 5-2 1= gxpressed in symhbolie notation (o provide the reader with a quick

relerence by Lhe functison ol egch instruction. The Tollowine parapranhs supplerment the inlormatinn in
Tuile -2,

Table 52  FI'11-A Dinstencriom Set

Mnemanmic Instroction I}escripfion Cictal Code
ARST T'DST Absolule 170al=-FDST
ABXIY FIDRT ST~ mines (FIIET) o FIXST = 1} other- B> Format
wise DST — {FDST)
FC 0
Fv . 1l
FZ.o LifexpFOSTY =0, ctherwise FL 0
™ (]
ADDE FRRC, AC Floaling Add FP20004+ A C+ 10+ FSBEC
ADDD FSRE, AT A {ACH = (FSRC) 0 AC + 1EF5EC Fl Format
= LOLLIM: othorwise AC 1)
FLa- )

Fy a1 AC 2 UUPLIM; otherwisc FY o ]
FZ — M {AC] = [} otherwisg FA 1)
T — 1 {AC) < [k olherwise Th ~ 0

CLRF FIIST Clcar 170400 - FDST
CLELD F1IXST ST 1 E2 Farmpg

FC D
YV — 1
FL+ |
FMoa 0
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Tabie 5-2 FM L1=-A Lnstrucilon (Conl)

Memomic

Instroctinn Description

ctal Coade

CMPIF TRRC, AC
CMPD I'SEC. AC

L

DIVF FSRC, AC
DIVD FSRC, AC

LDFE F5RC, AL
o
[P FSRO, AL

LMY FSRC, AL
LIXCFDY FSEC, AC

Floating Comparc

FC —~D

Fv -0

FEZ— LIil(TSRC) - {AC) = 0; olherwise
FZ .4

FXN — LU (FERC) - (AL < 1; orherwise
FN . 0

{inpy Floating Condition Codes
O
¥V~ FY
7. F7
M. FM

Floating Diade
AL — (ACVPSROY I (AT A FSRCY |

= LOLIM; otherwise AL - 0
FC 0
BV o biF| AL |2 LIPLEM; otherwise Fy o0
FLZ— 11 EXPIACT = 0; otherwise TZ —0
FMN = il (AT < O utherwize FY ~ 0

Floaling Luead

AC — {FRRC)

[

Fy il

TFZ — 1 IT{AC) = I wlherwiee FLZ 1)
TN — 1 iF{AC) < [ olherwise FIw < D

Load Cenvert Nouble-io-Floating ar
Flaating-to-1ouble

AC - Cppor Unr (FSRO)

'C 0

Fv + | it |AC | = LIPLIM: otherwise
Fy¥ « 0

Feoo Vil (A = 0; otherwiis L — 0

M = Lif (AT < 0; utherwise TW <0

I the cucrenl tarmal is single-peecision Toat-
tg-paint {FD = Y, the aowree is assumed tn
bo a donble-precision number snd s con-
verted to single-precision. |7 the (oating-trun-
cute bit de sel, the number s runcaled:
atherwise, il i oanded, 1f the currca Farmat
is double=pregision [(FI* = [), the source 15 25-
sumed (o he a sngle-precision nomber and
laaded left-justified m the AC, The lower halt
al the AC i cleared.

173400 — A Ce10+ FARC
Ft Trorma?

MO0
Fx Foremat

17441+ A= 1R+ FYRLT
El Fiorma:

ET2400+ A C+ 10+ FARC
Fl Frrmmal

177400 - AC= 00+ FSRC

Pl Tormas

F. D-zingle-precisian o
dauble-pregision flout-
ing

12, F-dueuble-precision i
simple-precisien Moal-
ing

G-



Table 5-2  FFPLI-A Ingtruction | omr)

M pemonic

Instruction Description

Credal Code

LIXCTF SR, AC
LI¥TD SRC. AC
LIDMCLE SRC, AD
LDCLD SR, AC

LIMIE = Singhe Inceger
L Single Float

LOCTD = Single Integer
ta Double Float

1.WLF = Leng [nleger
e Single Fioar

LI 1.0 = Laine Inteesr
W Dauble Fleal

LOCXF SRC. ac

LDEPS S5RC

BIOMDE FERO, AC
MO FRROC, AL

Load and Cenvert from Inceger ea Floeting

AC — T AR

FC+4

Fv. 4

F& a0 | oF{ACT = 1) otherwise FZ < [

Fhoe 1af (ALY < 40; otherwisc FN . 0

Uy Foa specifics conversion from 2 2's cam-
plemern integer with precision | oor Lota &
NMeatinp-psrint number a1l precision ¥ oar 1 OF
imieger ilip-Oop TL = 4, o 168Dl integer (1715
double specilied. and of TL = [. a 33-hit in-
teger ¢ L) is spesified. 1 1loating- poin Dip-lop
[T =0, a 22-hit foating-print number (F) iz
speciflisd. umd if FIY = 1, a hd-hit floating-
poits cwiber (D iy specthied. 1T s 32-bat in-
reger 8 specified and addressing mode 1+ or
immediate mede (s used. the 196 bils ol the
soutce emster are left justified, and the ce-
maining 16 hits are zeraed befiore the con-
wErSLOn.

Larad Rxponent

AC SION — [AC SICEN

AC EXP — (SRCy + 200 only if ABS (SR
< |7

AL FEACTION .

FL+~ 1)

FY — 1l (SROY = 177 atherwise Fy o« 1)

FZ — 1 TEXPI{AC) = [} otherwise F2 10

FN o L iAC) < O; cthersise TN — 4}

Load FP1I-A's Proeram Stafus Word
FP5 «~ {SR.C)

Fluating Maoduln
AT v |« inleper pact ol 1AC TSR
K70 Fractional part of (ACH(FIRC)
— (AL G 1| (AL FSRE)
= LOLIM or FIL, = 1; atherwise AC ¢ 1)
FC —0
FV 1if| AC |2 UPLIM; alherwise TH (]
FZ . (AT = 0; otherwise TZ <D
F™ o L (A < 1) othetwise FN < B

LAC FRACTHON

The producl of AL and FSEC 15 4K hits in
sinple-precisicn flueting-point Turnmat or 54
kit in double-precision Noaling- peint Termal.
The integer part of the product
(A= FSRCY is found and stored in AT v 1,
The Fracticnal part is then ohrained wnd
stared in AC Mo that multiplicalion by L0
gan be done wath zero error, allowing decimal
digils 1o be siripped ofl with nn Ioss in proci-
ELOT.

[TH0+ AC=1TH+ 5RO
1 Forma:

176+ AT 1A0+5 RO
F3 Format

FHIIN+SBEC
T4 Formmat

17140 = AC= 04+ TSRC
Fl Fuaormar

a-T



Table 5.2 TT11-A [ostruclion ( Cont)

Ml temtonic

Testruclion Descriplion

Oretal Code

MLULF FEEC, AC
MU FRRC, AC

MEGE FFDET
NEGD FDAT

SETEY

SCTE

3ETI

SETT.

ETF AC, FIXST
11y AC, FDST

Floaling Bulliply
AL~ [AUWFSRC) if HACIFERC) |
2 L.OLIM; otherwise AL 1
Fg 1l
TV Ll AC & UPLIM: ctherwive FY D
FZ « 1 i1 {AC) = v otherwise F£L « (]
FI « 1 iF{ACT < @ olherwise FI « D

Megate

FDST —~ minus (FOSTHITEXP (FDSTY = 4;
vtherwise FDST <0

FC—10

FY « [

FY. 1n| if if EXP [F1X%T) = 1); otherwise FZ

FM — il (FDETY < 0; otherwise TN — 0

5S¢t Floating Double Mede
Fix . |

Set Floating Mode
FD 1

Ser Integer BMaode
FI o« 1)

Set Lonp-Integer Mode
L+~ |

Floating Slore
FI25T o (AL
FC+~ I'C
FV — FY
F£+~FZ
FN - FN

LTI+ AC=[(KFSRC
F1 Farmat

IMFHIO+TT2ST
T2 Formal

I
Fi Format

F 000 |
F5 Feremal

1N 2
Tz Torimat

7oLz
F5 Farmat

(740004 AC* 100+ FOST
F1 Farmat




Table =2 FP11-A Instruction (ont)

M ovmonle Instruction ivescription Oeral Code
SIOFED AC, FIIST Store Canvert from Flaating-to-Deobic ar | TR0+ AC [0+ FD5T
STCDT AC, TDST Dauhle-Lo-Tloating Fl Foemat

STCEL AL, DST
ETCFL AL 15T
STC AC, 1ST
STCDL AL, DST

ETCEI = Single Flual tw
Single hucger

R1CF]. = Kingle Float to
[.ong Integer

STCD] = xeuble Fioat
lu Siople Tnleper

ETCDL = Double Floal
o Lang loreger

FDST «~ I:'E".L} ar C|_'|..|- I:.".l':."l-

FC « D

Fv . Vif| AL |2 LPLIM; otherwisg FY s O]
FZ—1il{AC) =100; otherwise FZ 0

FN — il (ACY < 0, atherwise N —1)

The STCFD insteuction is Ui apposite of e
LIMCDF instructivnd thus, i the cureertl [or-
mal iz singlepeecision Heating-paint {FD =
13, the source 15 gssumed 1o be a g1ng|c-]1rc|:i-
s10m number und ig converied 1o deoble-presi-
siou1. IF the foating truncale Bl is sel, the
number iz ruocated, olherwise, il js counded.
It the current farmat is double precizsicn (FD
= |, the saurce is assumed ta be dowbic-pre-
ciswon numhber and loaded left-justified in che
AL, The Jower half of the AC 15 clesred.

Stoce Convert 1o Floatiop-te-loleger
Destination receives coaverted AC 1if the re-
sulting integer numbcr can e represented in
L& bits (short inteper) or 32 bits (long mieper).
Oibecwrse, destinelion 1= seroed ond C-hil oy
ser,

PV — 0
FZ+~ Lit[DSTY = D¢ otherwise FL 0
Fx o | if [DST) < 00 atherwise Fhoo 1)
L FOC
Yoo FY
£~ FZ
N —~FN

When the coaversion g 1o long inteser (32
hits) and zddress mode O ar immediate mode
% specified, only the most significant 16 bics
are stered in the destinaliion rerister.

F, D-single.pregisinn 1o
douhle-precision Mout-
M

D I'-double-precision 1o
single-precizion float-
II'|_E;

1754004+ A Cw [+ DST
F3 Formars

——



Tuble 5-2 FPL11-A [osiruclion [ Cont)

o T (L0 11

Lostrucilon Descripiion

Oeral Code

STEXP AC, 1257

STFPS 15T

STET DST

SUBE FSRO, AC
SUIBD TSRO, AC

T5TF FD5T
TST0 FINL

Siore Exponent

DST « AC EXPOMNENT - 20K,

FC< D

B o L

FL— Lif (DET) = O; aotherwise I'E — D
FM « L if (DET) < 0 caberwise FN 1
. Fi

Vo FY

Z ~ F¥F

N~FN

Srore FIMLI-A%s Treeram Status Word
15T « [FPS)

Stre TTPI-A%y SEatoy

DET — (TEC)

DET + 2 —(FEA)I[net covode 0 or 0L iditie-
diare mode

Floating Subtrage

A ALY - (FERCT M| (AT - (FSR|
= LOLIM:; ulherwise AC 0

FC .10

Fv o LiF AC UPLIM; athoraise FV - 0

75 = 11 LALT] = 11 otherwise T4 -0

TN = V(AT < 4; otheowise TN — 0

Tesl

Floating

FOoo

Fv I

FZ-TATEXPTTET) = 0; viherwise F£ -0
N — | if(FTDST) < (k otherwise FN — 0

L7000+ C= W DST
Fi Farmul

200+ 0ET
Fd Formar

1T0MK+ ST
T4 Fuormal

[T+ AC=]00+ FERC
Fl Forrmine

L[S0+ FDET
F2 Farmuat

5.3.1 Arlthmetic Instructans
The avichmerie instructions {Add, Sublract, RIulliply. [Yivide) require one operand inoa 20U (@
floating-point accumulalor in mode B, 4 memoery locacion otherwised and one epecand ina destimation
aceumnulalor. The instruction is executed by the FP11-A and 1he result is stared in the destinativn

avcumulalar.

The Campare ingtretion zlse requices cne opevand in a souree and nne operand in a destination

accumulatar. However, the {wo vpecands cemain in their

exceured by the FP11-A, und there is oo transfer of the result.

5-1i

respective locations alter the instruction =



532 Fivating-Modubo Insiruction

The Flyating-blodule {MDDr instruetion causcs the FPL1-A to maltiply two fleatisg-paint operands,
sgparate the produgt ince intgger and fractional parts, and storg fne ar heth pargs ws Tostimg-parine
numhers. The wholg-number porfion gogs into sn edd-numhbered accumulatar and the fraghion poes
into an even-numbered sccomuolator.

The whele-number portion of the aumber, when expressed os 2 foaiing-pointl number, Coolalse an
ckponent greater than 201 in ¢xgess 2K notation, which meang that the whale numbgs has o degimal
value of snme number greater chan nne and less than LUPLIM . wherg LIPLIM iz the greatest possible
number that can be ceprezented by Lhe FPII-AL

The fractional portion of the number, when expressed as a fdoaiing-point number, concains an ¢xpo-
nent loss than orequal oo 24 in gxecess 200 natatian, This mcans that the fraction has 2 valog loss than
ene and grester than LOLIM, where 10O0.IM 12 the smallest passible number shat can he represented

hv the FP11-A.

533 Loud Losituclion
The Lead instruction cavses the FPLI-A to take an operand From a soucee and cops il o a destina-

tinn ageumulaenr. The sauree is a Floating-point accurmmlatoer in mede 4 and a memory locaticn cther-
L 1=

53.4  Store Instractiod
The Storg pnstruetion cavses the FPIL-A 10 take ac operand (rem a source aocumuoluier and transler

to d deatination. This destination is g foating-paint ascumulaior in mede O and a memary focation
otherwiss.

5.5 Load Coovers [ Double<to=-Floating. Floaling-to-Double’ Tostructions

The Load Convert Double-1e-Floaling (LDCDE) inetruclion causes the FTV1-A Lo assume Lial the
ROLLTCC sp:n:iﬁn::: a double-pregisian r"l-u,'ml;ing-p-:uin'r number, The FPL1-A Lhen conserts 1thal number o
single-preciien, and places this result in the destination ageumulator, 1 che flaacing-truncate [FT)
status bt issel, the number s truncated. [T the FT hit s not set, the number is rounded by adding 2 1 to
the ainele-precision segmenlt il the M5H of the deable-precivion sepment a5 4 1 dr_]'u:ndmL oo the TTinr
conditicns el up by the FD hil (Figure 3-30 1 Lhe MSE of Lthe dauble- precision sezment is (0, Lhe
single-precision woerd remains unchenged alter runding.

BXEF 43 47 g 31® O K 15D
5, i 1
i ! : | ! r
IRk PHES SO 3 JOLE "NLT 2 GN
SRR EMT SEMOKT
(PR BT

Vigere 3.3 nkle-to-Single Procisans ociciag

The Luad Convert Floating-to-1double (1L.ICFIY instruction croses the FRLT-A ta gzsume rhat the
source specilims o sinele-precision namber. The FP11-A then canverts thae numher ;o daokle-precision
by appending 32 Zeros 1o e sinple-precision wierd, und pluces Lhis resull in the destination weeamuola-
10r.

MNute thut for hath Load Cenvert instrociions, the number 1o be converied is oripinally in e seuree (a
Moaling-peint accnimulator in mode 0, 8 memary location atheradise) and is trensforrzd to the destina-
Lan accumulator alier conversion.



536 Stere Converl (Double-to-Floating, Flowtng=io-Divuble Iisteuciions

The Stare Convert Doubic-to-Flaating (STC1MF) ipstruction ceuses the FIPLT-A o converr 1 douhle
precisian romber lagaced in the source accumulatar to & single-precision numhber. The IFP11-A then
transfers this roault te the specified destinatisn. 17 the floating-truncate (K1) big s sce, the Moating-
point number is cruncated. If the FT bic s not set, the nomber = roonded. 5 rhe MSB (hit 20 of Lthe
double-precision segment of the word 1= o 1, F s added L the single-precision segrment ol the word,
depencing on the poior conditions set up by the IFD bit (Tigure 5-30: othecwise, the sinegle-prectsion
sefrtienl relains wichanged.

The Stare {anvert Flaating-in-Deuble (STOCFD) instructinn cyuses the FRI1-A4 to convert a single-
precision number hwcaced oo the spurce accumutator tr o deable-precision number. The TPL-A then
transfers this Tesull to Lhe specilied desunation. The single-to-douhle precizion 15 obluined by append-
me serus eyuivalent Lo the double-precision sernient of the waord {Figure 5-41.

Motg that for hath Score Convert instructions, che number tn be converted 1= ongically in the soutee
accwinalator and s trunsferred 1o the destinelion (o Toating-poisl secumuolalor in mede B, 8 mectory
lucation vltherwise) aller comversion.

TR 345 qr A 4 ] 1= fl
T 1 %t 3 - e
) | BLL TS ho- 0%
- ¥ ==
. —— o ————— [ . '
SIKG L FHL SIS Dk 10.DL L FRECISE R
B H o A HHREL. LN A
[TER

Firurg 3-4 5 ru =-to-Daan’s Precivian A ppending

5.3.7 Clear Instruction
The Cleur tnstroction causes the TP1-A wo clear a lealig-point ouaber by setting all itz hits ta i,

538 Test Instruciiod

The Test instructian canses the FP1I-A o test the sipn and esponent ol a Qoating-point aumber and
updare the FPL1-A stazus accordingly. The nwmber teled is oblained Erem the destinatian (s floatmg-
paint acenmulater in mode O, o memaey Jocation olherwise), The FC and FY bits are clested. The T
hit is sel only 17 1the destination is negative. The FZ bit 1 set anly if the expanent ol the destinulion is
zera, I the FIUY stoles bit s ser, a trap oceurs (afier the west imstruction 1 execuled) il a minus cero s
encauntered,

2349  Abhsolute Instruction

The Absnlute instruction causes e FP 1A ta take the absalute value of & floating-point number by
Nercing ils sign bic W O, If made 0 iz speeified, the sign of the nurober in the fTeating- poaint destination
accumulator ig farzed ta Q. The exponent of the number b tested, and i i1 is 0 7eros ane writéen into
the accumulatar, IF the asponent i nun-zero. the aceumulator is unaffegted.

IF mode 035 not specilied, the sige bic of the specified data ward in memory is secoed. The exponent of
this word is tested, and i€13 is 3, the optire data ward in memory 1e 2ereed. ID1be expangot is non-zero,

Lhe integer expanent is rostored oo memory.

Absolurg and Megute instroclions ave the only instrictions that can real and wnite & memory location.



5310 Mepate Instruction

The Megate instructivn causes Lhe TP {or the FP1U1-A, in mode 07 o complement the sign ol un
aperand. IT mode 4 s specilied, the sign of Uhe outber i the Doating-poinn destination accumulatar is
camplemented. The expenent of the number is tested, and iF it iz O, 2ecos ave writien into the accumualas
tar, If the expoaent is aon=zero, e aocumulator is unatfecrad,

If mode 9 05 nul specelied, the sign il of the specified data werd in memoey % complemented. This
word i then teansfeceed Iroun mestory 1o 2 Hoatng-poeid accamulator, The exponent of thiz word i3
tested. and if it iz, the entire data word is 2eroed and transferred back so memaory, IFshe exponcat is
non-zern, the ariginal fraction and gxponcat arc restored ta memary,

2311 Load Exponent Instructinn

The Lowd Exponent instructivn causes the Boating-poinl processor (FPPY 1o load an exponcnt foom
the source (o Quating-poinl soctiiiwlalor o mode O, @ temory Jocarion atheraise] inca che cxpangire
Meld of e destination aceuniulator. [n arder ce do thig, the 16-bit, 25 complement exponent from the

souree must he canverted toan B-bit number in exeess 200 notation, ‘This process s deserthed further
Izl e,

Avsume that the 14-bit, 2% vomplement gaponent 15 coming (tem memory. The possihlz lega? range of
| 6-bit numbers i memoery o frem 0000 1o 177775, £ the ather hand, che passibic legal range af
expoaenes in the FPLL-A Talls infe bwo clesses.

I Posilive exponents (¥ throogh 1770 - When 200 15 sdded oo any of these numhbers, the zum
slays within the feeal B-Bul expunent field {1.e., Jrom 200 thooogn 3770

Megative exponents (17780] hroweh 177777 - When 200 5 added o any ol these numbers,

the awm scays within che legal 8=bil exponent beld (Le. froct [ through 771

2.

Motice that all legal pasitive cxponencs coming from memery bave something incamimen: 1thelr 9 high-
prder bits are all 05, Similarly, all legal negative exponcencs fram memory hawe their % high-arder hits

eqlil Lo 1. Therefure. o detecl a lepsl exponent, anly the 9 hgh-order bits reed be examined forall 1s
or a1l s,

Any number from memory outside chese ranges 15 illegal and will eesult in either an averflow or an
underflow frap condition,

Example 1: LDEXF 00034

Fxponent of 34 [KHKHKHK] (KT 11150
0 + 100K
‘ fant1iog

LA - |

‘The upper 9 hits all equal 0, s this iz a legal positiee exponent. The number 234 s zent (2 zhe 3-hit
exponent Oeld of Lhe specified sccumululor.

Example 2: LDEXT 241

| RN
Exponent af 201 Dllﬂlh’;ﬂlﬂﬁ R A n] |
M0 + {b | TKHHWHIE
J— 1 CHENHNH

Oreeriluw

This is #n illegal positive gxpongnt. Moticg that when 2K is added to the expanant, an overtlow
EET

313



Examople 3: LDEXP 100200

2 1
Fxponent of 10200 JCIIIIIIIIﬂ | O]
20 ] 'I- ICICHHN K]
L | (AL

Tnderfow

This g an llegal negative expunent. Mutice Lthel when 200 1% added 10 the exponent, & result iy

[proofuccd thas is more negative than can be expressed by the 3-bil exponent Meld. Thus, un under-
llovw ocewrs.

Example 4; Special Case  Expoocnl of 0: LBEXP 1776

Fxpuinent of 177X LTI | Lo
+ B IR
K ICKI0 | CTKNKHEN b

This is the one case where the 9 high-arder bits are all equal, bul the eapansnt is llexal. This is

Pocanse 177000 reprcsents an exponcns of B0 This exponent causes an undecdlew condition 1o
exist; that is, it 15 created as an illegsl negative cxpangnt

5342 Lowd Converl Inbeper-to-Floating [ostruclion

The Load Coavert [Ineper insteoction lokes @ 2'5 complesiens integer mem mermory and converts il L
A Noating:pount awmber in sign and magniude tormel. I shor-meger mode s specilied, the amber
from mcmary 33 16 hits and is converted to a 24« fracticn (single-precision) or a 36-hit fraction
{dauhle-pregizsien), depending on whether floating or double mode is specificd, If long-integer mode is
specified, the number from memory is 32 hits and 15 converted ta a single- or douhle-precision numhber,
depending sin whether Noating or double mede s spealied. The mleper is loaded o i 35-440 1)
sibarl taleper i specilied o oo bils 55-24 i long integer is specified. 1 is then lefl-shifled eighl places
g that hit 5% is transferred o hit 63 (Figure 3-5),

L R IR B |

R M R %I A nm KT EE A3 5 1 L “E 42 4 432 3 AN L H
1
'
1

¢ Bi n: 48 4An ar
| | ]
A u u 1] ] ] ) < | v ! 1 [ 0 101 1
1 . 1

Fipnre 5-5  Tmeger | e Shill E'.:-.u.ulph.'

‘The inteper is hen assigned an expanent of 2175 short intcger, ‘This is the rerult of adding M0 (sine
the eapanent is expressed nocacess 200 colution) o 17 which represents 135 shifts. This number of
shifts is the makimum aumhbgr regquired e normabire o nomber. IE lonp-inleper mode s specified, the
inteser is assigited an cxpangnt nf 237 which represents 2y shilts,

514



The 2's complement oteper 5 esled by exomingtion of bil 63 o see if i1 is a posilive ot negalive
numher, The pumber is chen normalized hy left-shifting uncil hit 63 becomes a 1, 1T hit f3 is b (negative
number], Lhe inleper is neputive, the sign bit is sel, the number (5 2's complerenled, and then nermal-
ied.

To pormalize 3 nambet, bic 63 (MSB) of she Iraction must be equal to B and Dit 52 must by auads eaual
to L. Ta do this, the integer is shifted the required number of places Lo the 1eft and the expencent value is
deereased by the number af plages =hifted [Figure 3-G1,

EXP= 21Ty Shift integer 15 places 1o the Telt Lo normealize.
-17 Bini9=0b1138 = |
Hiiﬁ Deceease eapunent by 150 which is 175,

YWhen louding a lonp inteper with an FDO = , 1l the lane mteper contains mare Lthan 24 siemlicant
digils, thea less sipnificant digits will be trdocuted with seme Toss of avcuracy.

Kl HZF El & LR B L =H %z =4 4934 =¥ Al KO &3 AR A7 4K &% 44 41 42 4! Ar
T T T T T T T
| . |
n n n!on n ) aln ] [ n 1 a al n n | a 2 i
——— —a—a— e .

Fignre 2-5  Mormalized Inezer Example

E313 Stere Exponeot [nstruclivn

The Store Expanent (STEXFY wstruction causes ihe CPT 1o aocess o flealing-point number 2o Lhe
FP11-4, excract the -hir cxponeni ficld from this number, and subtragt g canatant of 20 (sirce the
euponent 1 expressed in exncess M0 nodation ). The expanent is then stored in the destination 25 o [6-

bit, 2's cienpletienl. righl-justified number with the sipn ol the exponent (il G7) esended theoush e
& high-order hits.

The leral cenge ol eaponents 15 from O te 377, expressed in excess 200 nalation. This weans Lal the
ounther stoced canees From =200 1w 177 after the censtont of 200 hos heen subtracted. The subiruclion
of 200 35 aceamplished by laking the Ts coseplement of 200 and adding o w he esponen field (Fiauces
3-T and 5-4)

1h M 14 12 kR 1 El a T R =1 4 3 2 1 Ju]

FLOATING POINT ! CEPOMNLYiBEITS:
. : FRECTIGN
NUMEER IN FP{1.a]| & 1 0 I a 3 1 t 1
|

SIGN EXTENSION
EXFONENT
TRANEFERRED
TO MEMGRY o] a k] ] n ] 1] a u:lhL a u) q a 1 1 1
(OF ACCUMULLTOR) 1

Ny
1 14 a3 1z 11 10 Am._ E P -"'.“Ei B i K| L 1 a

——

- N BT 7 0% FXTENDED TO
THE 2 HIGH ORDER BITE
W5 1433

Fipnre 5-7 Srore Evponent Teemais Yo |
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-
-]
L]

18 14 13 1F 11 o0 4 1) 3 = F O o

FLOATING.POINT FXPOYMFHT (A AITS
YLUMBEHR IM FF11 & ]| 5 o a - 4 [ a 4 a FAACTION
: 1

HIEN ESTENSION

EAFLIMNENT
TRAKEFERAED
T WEMOR'Y 1 1 1 1 1 1 L 1 '!._ [ 1 Ml a 2 1 1]
IOR ARCCUMULATORI . k
18 14 13 12 11 0 E] | T S ] 4 k| 2 1 ad
e

"'\-."-\.
" HIT T 1% EKTENDED TI}
THE E HIGH ORDEFR BITA.
PG = 1930

I=eame S5-5 Llore Exponenl Buameple P, 2

Twa examples that illusicate the process follow: cae vsing an exponsil geealer than 2040 and the aext
using an cxpanent igss dhan 200,

Exumple I: Exponent = 207

Eaponent of 207 [a1 L]
g Complement of 210 + PR
Kesult =7 X101 11
.l__.-l'" "

Sign Bil T

Example 2: Expoienl = 42

Expangnt af 42 (K1 TCHIITC)

¥y Complement o 200 + 10000004

Besult = 42 #_,l[ﬂd[ﬂﬂlﬂ
Sizn Hit ol 4 2

S.3.14  Mrore Cnnvert Floating-to-Integer Instruction
The store Convert Flostinpg-te-Inwerer instrociion causes Loe TPT wo take o Ooatine-poit umber aed

convery it ta an integer for Transser tood cestingbom.

The faur clagses of this instrctien are ws Fallows.

SICFL - Converl sinple-precision. 24-hit fraction to o [6-bal integer (shoet-integer mode).
STCTL - Convert single-presision, 24-hit lraction 1o a 32-hit integer (lnnp-mieger mode).
STCDI - Canvert double-precisicn. S6-bit fraction (o a 16-bic inteper (shorl-tniepes nodc),
ST - Comvert double-precision. S6-bit traction to o 32-bit integer (long-mleper made).

o ek bd =
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The Mmormalized) Oouting-poinl number 1o be converled 15 transterred to the FPT, The FPP works
wilh the sipn bil and one of (he following.

l.  The 15 MEBs of the fraction for Floating-to-Integer and [ouble-to-Floating conversion
2, The 31 MEHs af the fragtion for Douhle-to-l.ong conversian
3. The entirg fraction for Floating-ta-Longe conversion.

The FFP subtracts 201 Irom the exponent wo determine if the floating-point number is a feaction. 1f the
result of the subtraction is negative, the exponent is less than 201, and the ahsolute value af the
floating-point number is Igss thae 1, Yhen gonverted to an integer, the value nf this number 2 0 o
CONVETIIN error oceurs, the FL bt 15 set, and Os are sent o the destination. 10 the resull of Lhe
subtraction iy posilive Cor cecod, 1t indicates thal the exponent s preater than (or equal 1) 200 and Lhe
Mouling-point nurnber can be convected Lo g non-gera inteeer (Tigwce 4-99

Ji-GHE N
1laflalaolalnlnjn |1 claralelola
SHOF TG
AFTFR
SHFTIMCf a [ w ol lalala]lolole a]lalol1iofow
T PLACES |
- —
1
risd
AR LTHS

Fipure -9 Srore Convert Ineegsr Fagmple

A second Lest is male by the FPP 1o determine if the floating-paint aumber 1o be converted s within
the runge of numbers thal can be represenced by a Lé=bit inteper (1-format) or 32-hit mtepger (L-
Toremall.

Consider the vange of integers that can be represcated in @ and L formats and their floating-point
couivalenss

I-Focmat Flaating- Foaint l.-Frrmat Flnating- Foint

| 16 hits) E.quivalent 132 hir=] Fauivalent
Wost Positive ki) +. 1111 218 17773979TT +. 1101w 2
Inleger
| cast Positive 0L +. 100, 2 (CCHHO R0 | +. 100, 2
Integer
| cxst Nagat | 37777 — LIl 2t ITTETITIIT — LI s
Integer
Muoar Megartive LLHMNH) —_ [0, 206 2OCKCHKINCHI0 — . 2
Inceger

SOTE

MSB of integer = sign of integer,
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Thus. the expanent of @ positive Noaling-poinl number (e be converted must ke less than 16 (2240 in
X eess AN motationn) o conveet Lo T-forrmul or 32 (240 m excess 208 nocation) to convert ta L-format,
The exponent of o negative number to he converted must be Igss than o equal o 16y ar 325 ta
converl Lo I- o L-formuls, respectively.

The FPM tests whelher the floating-poil number 2o he converlee i wachin the range ot ingers rhae
ean oo e estnled oo l-on L-Tormal by sciiracting o comstant of 2044 for shott integersh or 40k 4§ fior long
mleeers] from the resuoll of the Frstotest fresido of rirss cesr = higsed cxpoeenr 2075 uphiased
eapurienl — Ly LM the resaltal the subcractios i prative ar O it indisaies trat the Nagsing poozs nomber
i Loy luree Lo be cepresented a5 snonoeger. In 10l cHse, @ Crnver2inn creee aogurs and 08 g seod 1o
destinativn. 17 the resull of the subtractios s & negative number ather shan 1, the Taasing painl
numiber cun be represenied o g mteeer wichewl cousinge an overflow condirisn, P rhe rezule of the
subdlroction 5 =1, e expunent of the Moating-poczt nuzoer - either 220005hart) ar 290 (long). and
convereon proveeds, However, Ui OQoatine-poml nwmbes 25 within ranee anly if il sign is nesadive wnd
g [Zaction de LY e Ui i the cost neealive intecer: see Lahle abese) I in thos case, the nurmber
e ol W miosl ceeative inbeaer, ibowi] be delecied by o thind conversion errer lesl a2 belowh aller
ANVEIELLG.

T cunvert the Mriction e an integer, Lhe UPP shills i right o number of pluces as specilied by the
Tollorwing algacitbens.

Shurt mteger: Mot of right shifte = 205 + 2Hy - hizsed expangnt - |
Long inleger Mo, of right shifls = 30g + 20 - hissed expanent - 1

Regardless of the coaditton of the FT bit, 1he feactional part of (he aumber is always tuncated duzing
this shifting process,

II' the Mouting-point number 35 positive. the mmleper conversion s complele after snilliog. and e
anmber js teansfersed to the appeopriace destinatoon. 130 powever, (he floating- peinn sunber is nega-
five, the intleger must be 2% complemaented before being senr 10 its destinariomn,

After conversion. the PP performs & thard sl Gr g eonversion error by comparing the M50 of the
qoonverced ] integer with the sign a2 af the origmal unconvertedy number. 1T Uhese siEns are nal egual.
therg has heen o conversinn errne and the PP erapa of the FIC s sel T wes s performed Lo detect
i floating-pocm number with an cxprnent of 220 (zhort) er 240 lomg) that hes no been conver el o
thi Toal nesabive intseer.

Example i: Store Convert Floating-to-lnteger (STCTT)

Fsponent = 2003
BeEn=10
Tractivn (24 bits) = . [HOOOCHNIIOOUONCE O
|5 MSBs af itaction = , LOOBHKNKIKNRHK)
2 rexepss 2000 = 2
Fractiom= 12 Trleger 1o be stored = 1724 2 =4

1. Test L Es the oonber ta be onnverted o [roclion?

Exponcir; 205,
=21l
Mo 2 Since 1his result 1w poaitive, Lhe giver floasing-paint

mamber is nel w lrastion and conwzrson may pri-
ceed wilhuul eTror.
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2. Test 2 Ty the Goaling-poinl nomber o be converted withie range?! {We sre warking with
posilive shorl mleger.)

Resull of Test 1: 2
=20
Yo -1t Indicates thut the number o be converted is within

runge and can be represented os o L6-hil inleper.
Mo Sunversion 2rroT OCeuT:.

Haow many righr shifts? Lse algorithm;
W + 2005 - Mg -1 = 204 - 3z = 5 = 13
= |3 right shifls

This cxampic invalves a positive number, 5o eanversinn % complete aller 13 raght shafs, T
the number had heen negative, the inleper would have been 25 complemented.

3. Test X The MSE ol the vonverted integer and the sign b of the original floating-poine
aumber are campared. Since they are equal, nd CONVErsSIOn criar ngcurs.

Example 2: Store Conrvert Floating-to-Integer (STODLD
Exposent = 240y
Bign=1
1 MSEBs of fraction =  HHHKCIOIDOCK IO CE 10000600

. Test 1: Ts Lhe number e be convected o Fraction®

Expanent. 2400y
=2l
i 3. Since this zesull D5 positive. Lhe civen Moatine-point

nuinber b ol @ Taclion, wnsl canesosian iy pra-
i D, oo EOree A0 Crran o s,

20 Test 2. 15 the floating-poins number 10 he converted within range?! {We arc warking with 4
positive long ingeger.)

Besult ol Tesl |- n
—0

-1 We knaw the nmamberis aut of fangs by cxamining
the sign hit din Fact, this nrber iz ane greater thin
the meost s sive inteeer thas coan Beorepocsented).
Howgwer, the FPP drs nal know 1his vetoand can-
version preoeds withaoul eooar al this poizt

Huow muny right shifts? Llse algarichm;
40y + My - 2405 -1 =10
= Mo right shifts
Converced 32-bat intgger = EMICHHINO0,

Sinee Lhe number s positive, eanversion is new complete (e no need for 25 com-
plemcnting),

1Y



Test 2:"Uhe mast signifizang bil of the converted inteper {which is 1y and the sign it of the
ariginal fuatine-puint number (which is 117 are comparcd  Since they are not equal, 8 con-
¥Ersion error owcurs, which we predicied in Step 2.

315 Loud FPIT's Program Status
This inscructian canses the FPP 1o vraneler 16 hits fram ime loearion specificd by the source 1 Lhe
oating-potnt status 8 PRy registor, Fhose 16 bils contain sccus informeation sar yse by the T -A in

order (e enable and dmsable imterrapis, set and Clear made ks, azd set candirian cades { Paragraph
4.4,

3160 Store FPLDs Propcam Salus
This instruction causes the FPT e trunsler the 1A ki of tie FFPS remister o Une apecificd deszinztion,

8317 Store FPI1%s Sratus

Uhe Store FP1Es Stacus (5 TRT] inscroction causes the B PP re read the gontonts of 1he foating, #xocp-
tisvn code d FRCT and Mostng cxcenron address (LAY regstess when a Roating-peing cxcontion (error)
UCLLLS.

Il mode O addressing 15 enanled, cnle the PR = sent o che destmation accormulalor, [T mods D
uddressinge is nol enabled, the TEC 15 stoted = memory Tollvaed by the TCEAL In memars, the TTA
ddula oceupies all Wbt ol s memory ocatan, whle the 00 e ocoupies gnly the lowesr 4 ity ed s
[oweatian,

When az error oceues and the cnegrzupt trupin Lhe CPU s gnchled. the CTU traps wo totercupl vector
244 und msuse Lhe STET inatruction L delerming e Lype al groor.

NOTE
The STST instruction sheold be osed only alter n
errur Jeas occorced, shisce e all oflier cnses the (ne-
struciion contiins icrelovaot dafn or comtnins the
comdicions it eccurred alter the Inst ervar.

5318 Copy Fleating Condition Cedes _ o
The Copy Tloatine Conditien Codes [CFCCY instruction causes the FPP r copy the Saur Sesting
sanditivn codes (TC. L FV. FMy e the CPL canditian sodes 00, A0 ¥ M

5317 S Floating Muode
The Set Cloating Mede (SCTE instructien vauses e FPP o gcar she FIY hir (hit 07 of the |FPS
resrisper) and indicate sinegle-precision operation.

530 Sci Double Muode
The Sel Double Mode (SETD instraciion gpuses the FEP soset (2e DL B {Tae 27 ol the FI'S cegizierd
arnd idicale deaBle-poecisian aperatian,

5321 Sel Inleper 3ode
The et Intswer Mode (SETI insbuclion causss the FFP 1o clesr the [L Bic Chit 06 ol e FPS1 and
indivale that shor-integer mede (16 Big) is spegfied.

53.21 Ser Loog-Infeger Modde
The Set Long-lnteger Woode 0351071 instruction causes the FPP 1 sershe 11t ot e of che FPS) acd
indivate tha long-imeger mmode 132 bitsd s specilisd.



£4 FFP11-A FROGEAMMING EXAMPLES _ _

This paragranh conlains two programming examples nsing che FP1E-A nstruclion set. In exam ple 1,
A t5 udded 1o B, 2 fs subtracied from C. the quantity (A + Btis multiplied by (€7 - D Lhe pradust of
this muldiplication js divided by X. and the resull is siored. Example 2 colovlares DX X!+ BX +
A, which invalves a J-pass loop.

Example 1: (A + Hix |0 DH]fX

SCT I
LDF AACH  LDADACHTROM A

AR BACD ACDHITAS (A + B

LDF C.ACI LOAD ACIFROM C

SUEF DAL AL HAS (- 1)

MULE  ACTLACD ACDHAS(A + D)0 - 11
INE X, AL AT HAS (A + T3l - 1%
§TT ACOY  STORL(A + DG -DXTN Y

Fxample 2: DX3 + (X2 + BX + 4

Loop 2
T -
AU =[D=~X +Cr* X+ H*»X + A
Loop
—y  mm———
l.aap 3

ACO=[DX* + CX + O]~ X + A
A = DX+ COX° F BY + A

SET F
BOW w3 %) SET UL LOQP COITNTER
MOV s 3% | ABET UP POINTER TO COEFFICIENTS
LIdF {6+ ACT POP X FROM STACK
CLRE A CLFAR QT AL
LOOF, ADDFA4.4CF ADRDDNEXTOCOEFFICIENT
TOPARTIAL RESULT
MULF ACTACD MULTIPLY PARTIAL RESUITOY X
5018 %0, LOOF MYEAQOT I TIMES
ADDF 44p.AC0  ADDX TO GET RESLLT
3TF ACD. A8 PUSH RESULT ON STACK
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CHAPTER b
PROCESSOR ORGANIZATION

8.1 INTRODLCTION

The FP11-A Flouting-Point Procgssor connects to che K1Y 1-EA central progessor via g tri-seaie Dus

(Tigure 11 This interface allows addressing of flaating-point memory utilizing the memery manage-
rrtenl aplion.

SERV EFR PFRAIL

T —
BF FF FEMD
“WPC G
B . ——
TAISTATE ARILIK
=1 S ——
EDITER FLOATIRG
FABZ K= Lol IR POIMNT
MRZED » MOOLULE
mME2ED
PROC CLEGE
PR [ YIT

— e S e e

T

|

THISTATE BEUE

1R;

AMUED. &RILIN1E

UNIBLE

112250

ligure 8.1 KI}I-EATEI-A Tande Flaw

The CPL saftware musl imiliale Moating-point operation and anginate addresses and data sipeg cop-
trod of the FPLL-A resides oy the CPII.
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The FPIl-A depends on lhe TP Lo Tetch instcuction: wnd Jdels Mrem memary in erder Lo iniliale
Noatmg-poinl opesacions. 1 fhe insuaction s nal a MToalng-poinl nslrocion, ibis rsored by Lhe
FI'E-A. I the decoded mnstruction = oa Ooatineg-pomnl nstcoclion (e, conlwing an op cede of
[ TXREXK], the FPLI-A causes the CPU wo brunch wo the FPLI-A BOM cead-only rmemory p micro-
elates associaled with Qoalng-point inslrdcLons.

The sicnplilied Bleck diapreim Muslrated m Figure 6-2 shows e magorc Tonclions of e FPIL-AL

TR BTATE

18-E11
TRISTATE BUFFER

A
i

ERId A
[ KIH1-E& | FPT1-3
I 19 BT
z-arT
! STATUS REA INATR U510 AN
I I AER
| ]
I 1 |
| 1K LEZODE
| i
BHANCH I H
i
I I FF11-A
\:D: 1 - = CONTROL .-
- BAAMCH
I —_— I - EOMSTENTS
BYTE
I BFCTRA
- BHIFT
a—— - CLALKEF —n
l -a, B PEAT MU
| | l i
; | ™ -
A ML 1 _
| TAISTATE

[EEEFT

Figure .3 Sinplitied FP1-A Block Digprnm

6.2 MICROPROCTLSS0OR DESCHRIFLUION

The prirecipal data manipulation clement in the Moating-peint processar iz the AKM2H0T miero-
processar (Figuze 6-3). The basic miernprocessur is 4 bils wide and 16 of these units are cascaded to
muke up a L6 by 6001 word far the FPI-AL A general discuzsion of the microprocessor followed by a
deseriplion af #8 incegratinn into the overall floating-peing processor 15 given n Lhe [ollowmg pasa-
praphs.
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6.2.1 Microprocessor (rpanizativo

As shown tn Figure 8-1 The myjor componests of the miceoprecessar ace the RAM, the acithmenic
topric wnil {ATLD, and the Q-regisler.

Information canloined i any of he 18 &-bit words af 1he RAM may be read from the A-port as
conttolled by the d-bit A-word address {Ap-4 ) field. Similacdy, deta in any of the 16 words of the
KM a5 defingd by the H-address {Ba-B ) field input may he simuirangously reed fram the B-nor of
the Rab. [Lis also possible o apply the seme address code i both the A and B select lields, in which
vise The idencical fle data will appear ac both the BAM A-part and B-part simuinasgonsly.

Mcw daca is aiways written mio the file word specrfied by the B-address field of the KAM, The RAM
daga input ficld is driven by a 3-input multiplexer which permits shifting af the ALV outpat. The 3-
inmut muttiplexer allkmas data te b shilied righl 1 bl pasition, [eft 1 kit pesition, ot nat shilfted in
eilher direclion.

6.2.2  Aritbmetls/ Logleal Operalbons

The arithmetic iogic unit (ALY is capable of performing three arithmetic and Ove logical operativons
an the two 4-hil input weords Rp- By and Sp-%2. The B-input ficld 1o the A1.LI reocives its input from a
Z-ipol multipleser wiizle 5 eeceives itz signals from & -pul muolipleser. The 2- and 3-mput rolu-
plexers both have an inhibit capabilicy. This is 1ke eguivaletr of an 07 sousce specamd.

IT the five data inputs to the AL are grmbined into paies, 1 enmbinations of registors ane poessible,
e AR DAL AQ 0A, BB, B, BD, D), DY, and 90}, as illustrated 1n Tuble &-1. The microprocessor
wses eight of hese operand paire. Selection ol the ALTY source cperand pairs s acermplished by che
migrainsiruciion inpues 10, [L and 12

Table &-1 ALL Sowece Operamd Comiesi

ALL Soewrce
Microvods Ciperands
Qclal

O T W Lol E|5
Eford o 0 Al o
l. L. 11 | A R
Ll L ; Sy
L | 1| II 3 (1| B
i) LI L ! 0] oA
L1 L [§! i | A
1| B{ L © [
bl il 1l B [ [

The direct-data (DN soures-operastd mpul poct = wsed woanserl all data into the woarking cepmisters
tnside the 2901 microprocessar, The Dkinpul can alsa Be used by the ALL 1o modify any of the
internal data files af the RAB via the F outputs of the ALLL

The C-regisier 1= 4 veparate 4-hit register intended primarily for multiplicarion and divisian ronfings,
This regizler can also be osed as s avcomulator er hofler Tegiseer for certain appheations.
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The ALL performs three arithmetic und five logieal Fungtions &s directed by the theee contrel bats 13,
14, and I3 [Tablc 6-2).

Takle -2 ALL Function Tontril

Micvocd e

E

: [ictal ALL
P I e Code Fuuctinn Srmbinl
| | l. 0l | L T B+ 5
[ l. IL | SRes B 3 - K
l. I l. z K Blims s B -
L. IL I 3 B (YK % (LR
|| L 4 BANLES R g
I .| LE n K AasDn | LR
1] | £ [ KEXOES R+ 5
M H 7 IFE MOR S K™ &

AL cugpun dada ey be covted (0 one of eiahl pozsible destinatians a: defuned by cantsal hits 16, [7,
and [8. ALL curtpur data may bea data ovtput from the devies ar it may be stared in the RAM or the
Clregister,

The dava ourpor of the micraprogessar uaes & 201 mulplexer whose inputs are the A-pert ol the RAM
ar the AL mepas (F)L Scleccinn of thess outputs s coztrolled by ot 16007, and [5 ol the niicoe-
inatructian cantriel input (Tahle 621 Nete st the dete- and rigfie-sfil funcione (e Talle 0-3 are re-
Bt fror the FFI-4 zppdivation,

The FPT1-A uses [6 AW units connected in ecascade with 3 levels ol look-ahead cacsy logic. This
canfigurabion results inoa Gd-bit word. Curry generule {07), and caery propugote (T are il outputs
lor use wilh & look-uhead carry generalor, Curey ool (0 _g) s also pererated by (he microprocessar
und 15 available ve an outpul carry {lag in a stams cogister, O, und C, 4q ar¢ bath activg high

Ihree additian:] oucputs are penerated by the ALTL These ure T3, F = 0, and avecflow [OVE). F3
represents the most significant bit (spn) of the ALT and can be Used Lo delecmine pagitive or negative
rosults without enabling the 3-stale oulputls ve wihile enabling the A-port to ontput. B3 is nen-inverted
with respect to the sign bil oulput Y3, F = D oulputl is used for zera detgst and is an onpen-collecter
autpul that can be wire ORed between microprocessor slices, B = s hiph wher 21l I aulpuls ure Jow,
OVE is 4 flag indicaling an aciehmetie opetation ¢xeceds the avalable ranpge und s high when the
avertlow conditien exists, Le.. when O and Cj 44 are not of the asme polariy.

lopues (o the BAM 2z via & 3-input multiplexer. The muliplexer gilows input daia o he entered into
the RAM in throe modes:

= Shifted left ane place

¢ Shifted nght one pluce
= Llnshilted.

(]



The shifling is wecomplished by 1wo potes: RAM-LOCEL and EAM-EQ /LI Hath parts consist af a
bwafler driver with a tri-seate putpot and an input to the moltipleder. Tn the shill-up (X270 mode, the RO
bulfer s enabled vnd the BT mulupleser mpul is enabled. In the shali-down {20 mode, 1he LO boifer
unil LT inpul are enubled. Tn (e no-shill mode, boch the LO and RO butfecs ars in the high-tmpedance
slale and e multiplexer inputs are not selecied. The microiastroctian control bics L. I, and Iy opec-
ale the shifter as shown in Table -3,

Tulele= -3 ALL Destination Contrel

EAaM O-Reeisier TAM 7
Microcode Tunttinn Funcliom Shifter Sliiner
{-:l"lf"tﬂl ' R-ﬂl"-'lp R'#.h‘lq Gp: '::'_1
I, |1, 11, *Cnde Shill Lural Shifl Load | Churpuat { LOCRILLRO | LOCRI|LLTRE
L L |L [ — — Mo ALL r % Y x X
1F.1
L L I | —_ —_ —_ —_ r x X My w,
I H 1 o Mo AL — M, Ay b N H
{F;1
L H H 3 RSN Al —_ —_ r X LS L1 X
1¥;]
| i 1
|
nln 1. 4 Lelt | AL lLeis |i:Ree B 2 TN o, |1,

chowen) [ ol 0 [ (ldownr {1041

H|L |H 3 Lot [ ALL - = I Fo | 1M, 2y ‘*i
(Dawn) [1F, )
H[H|L i Rizhr { ALLI Rizln | Rep | 1%, F, e |y
i (T, g LU

NIRRT : Rttt [ ALU — — F L1, b, X .,
iLpr [l

Koo Don ' cones Blrcvrncally, Wie st i s o U o intermally comnected 1ooa Three shale oulpill wiech
i in Ll high imnpocdonoe gl le.

The Qeregister is alza driven from a J-input multiplexer, In the no-shift mede, the multipleser enters
ALL data inta che Q-register. Qperation for the shift-up or shift-down modes is the same as for 1he
K AM as indscated in Tuble g-3.



The BAM, Cp-register, &nd the A and B data latches are costrolled by the clock inpat, When grabled,
data latches are also conteolled by the clock input and data iz clocked inde e Q-repister an the
positive-going transition af the clock. When the clock inpucis high, the A and B data faleles are spen
and wull pass any data that is present at the RAM outpuls. When the clock is low, the latches are clased
and will retain rhe dast data entcred. o the RAM-EN s enubled, new duta is entered into the BAM fle
(wurd) defined by the B-address field when the clock input is low.

2.3 RAM

The FP1I-A RAM registor vsage is shown in Figure 84, This unit. lacated in the micropracessor, is
the seratehpad area where the resules of arithmelic and logical operations are temporazily stored. The
conlents of the RAM are read into the AL under contral ol the TP11-A micreeade. It consistz of Fa
&4-hit wurds (each of the 1/ mictaprocessors (AM 2901} contuins o 16- X d-hit KA M)

7 | FR5
16 [EwRY
15 | FEC
11 ~ : e __,.-'"' . __,.-"' . ZEFICH FFSAC
L35 ' o e o ff,f TR0 Lo
MA&ﬁ-fZﬁ-fﬁf--.fﬁf...-"':'...-"':'.":{.-"':'...- -]
iz [ EHE £ E
11 ol 5 r
indr FEALC | E
Rl g R ,f’f Sy, e ,”'f,,f"f«;,.f’. ,f T e
o . ; s .-""J . .-"'j -
L .-ur:’;*’f:_:,_//:fﬁ i e R : o
TlE nh I5 E
1]E At u L
Ale - nk = [
2tF ara 5 E
1|, A = r
L
olE | ALD 2 E
L
|
SEECTOR 2 SECTOR 2 | SECE q FECTOA O SECTOR A
e [E & BYTE S naTE 4 nyTE nTTL ¥ evTE | n¥yreu ATTE T
F A= F-RES
& REG
112200

Figine G- ILAM Megisier [l
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Six a1l the f4-bit repisters sre wliocated lor the accumuolators and are acoessihle 1o the programmer wia
the FIMLI-A nsteeciion reeister. Registers & and 7 ace unused while jepisters 10-17T are set aside Jur
special functions. Hegisters 1U-17 are aeeessed only by the conrel ROM. Reogisiers 10-t4 constitule @
working storage area far the FPEL-A mricrozode. Other functions ingluded are the floaring-point status
register, condition godes, and cxception codes

6.2.4 Arithmetic Lopic Unil (ALLD

The AL is the dara palh compoaent hat actually performs the arichmetelopical aperation under
command af the micracods (Table f=3). R-inputs are fed in via a 2-inpul multipleser whose inpuls are
the direct date (13 inputs and che ewpur of the A-part of the BAM. The S-inputs include the A- and
B-purts af the RAM und lhe Q-regiser outputs.

Tahle 64 Sowece Cpeeind and AT Fonerion ¥Warrix

1., . Ceral f 1 2 4 3 5 f 7
ALL
Snurce
I o Octal LA AR 00 [OB |04 DA D0 D0
ALL ]
Functine
=l A0 AR L G A DA D) ]
i R Plas %
(", =H A+l | A=F-1 1ot TRe1 | At | measr | e | o+
| (1-A—1 B-A-1 -1 Bl Al A-D-1 | -D-. -[1-3
LIRS FTVITEN 1
] I G-A ] It A A-Dr -0 ]
¢ =l A=)l | a-H=l | =0=1 | =H=1 | AT | DAt | -1 it
a B Minu. N
¢ =H A} Al .y ki —4 13-4, 1303 I3
! ROR S A7) FARSL i} B A Li-4 11070 12
il AN S AN AnH I I G (17 DA r
@ RANDS A5 L AAR 0 B A A | DA 4
i R FX4IR & A | AYE 0 i A Irea o=y | I
i
T REX-MOR & | AVD | AFE £ P PR e R | B
I |

+ = Mu-:- - Minus: v OR. A - AMD:s = EXN QR
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ALL nutput data {F) may be routed to che Q-repister or EA M, or may be multiplexed with the A-poro
outpul daly rom the BAM us ¥p-Y 5, The ALU functinn decode determings the apthmetic or logical
function te be performed, while the ATL destinabion decode determines which of the indicated repgis-
ters the data 15 rowtesd o or whether 10 will be a duts eutput of the devics ilsell

The ALU source eperand decode performs che actual register selection. Al three of thess funclions are
gantralled by hits [0-18 of the control word

6125 [-Repister

The Q-register s used primazily during mwelliply and divide operations Lo stece muluplier or product
operalors, T contents may be shifted left or tipht o remain unshifred and the reaister may rowle data
la the ALL or receive input from thar device,

626 Sowrce Operands and ALL! Fumetions

I'his puragraph sumenarizes the arthoetic and laeae Junctiens peslormed by the ALTT ued presenis
ALIT Jueie and srithoete Tunctivng in separate labulalions,

62601  Logical and Arithmetic Functions - The &1L, perfarms five lomcal azd three acitbimetic lone-
rinng an enght soures operand paies, ALL leg:c tungtions and appropriac condrol kv values (00137 are
chown in Iahkle G5, The cazry input (040, bas oo efleer in Iogie mode hutl does affscl pperalions in
arithmeric mode Tahle A-B). Buoth carve-2o LOW (0, = 07 and carrv-m HIGH (0, = 17 ore defined.

6242 Logical Fonctions Ter €, P Oy and (¥R - Fhe Tour sienals, G T Ce—y, und OVER,L a8
degaribed in Paraeraph 6.2 ave designed tooindicate carry and over[low codd ions when o m:ero-
prossessnt is in che add or subleact rmode. Tahle b-7 mdicales the lupie wgealians Tor these four signals
[az cagt of the etcht ALU onetions, The B- and S-npuls are the twa inpurs seleeted aconrding 1o
Tahle n-x.

6.2.7 Summary of Pin eflinitions

The AM2901 pin definilions are summarized in Table 6-7. Pin assignments Jur the ABIO0L 40-pan
dual in-line packape ure shown in Figare 8-3,

f.3 INSTRUCTLON STATUS REGISTERS AND DECODE

The CPI1-A containg a 12-hit instroction regisier and two Qip-flop's that ere bics ul the stolus registers
{FI3:FLY. The poessible FP11-A instruction fecmats arg presented in Chapter 2. One bit of the stazus
repister (FDN specifies douhle- or single-precision format and the other (TL] dusignqlcs single- or
duuble-precigian integer format. The ourputs of these rewsters wre [ed 1o he fleating-print imstruction
decede register which consists of teo 512- K 4-hit ROBS. The ROM cutpurs then penerate misro-
pracessor conteod {8 PC) outputs to contral Lhe miceoprogram,

t.4 TRI-STATE TRANKSUELIYERS AND BLULFFEER _ _
[he 3097 Li-slaie skarus @ales are arcaneed as 1ri-siatc TrANKCCIveTs e SO Jicaly iween the
AMUX bus (KD1-EA] and the T-hus (FPLEAY, w=eh sre The-hil re-stale buses.

FAS 1T, which arg tri-etare Thp-Moeps, a0 used o oo Uineoos Gala being pasged (o the A MW 5

6.5 BRANCH LOGIC AND TRI-STATE CONTROL _
This Lagie is controlled by condition code and T-hus hranch BOMs in the FPH-A . Hranch (BUT) bas
are routed oo the ROMs whose owipurs condition o erulp of gatcs, These gates ure enabled by the
rariows branch condilions that may arize during Moaling-point operatians and dicect (podet) the micro-
program counter Ly the appropriace code in the micropragram 1o services the branch funciion. The
BLT condilions include the condition codes, expenent negative, exponent cero, carry, overflaw, and
I-bs bits 40, 1. 5, 6.8, %, 16, 11, and 14. These functians include slecs such as fraction Z-bit, Tractien
pepalive. bus request, and Lhe like.
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Pabsle -3 ALL Logic Mode Fuiictions
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Table &t ALU Arictumeric Mode Fonclioes

Dlal =01 Low) C,,= L {Hgm

as. i Grup Funciion Gouups Funerion
ai AH) A}
i Hlala AR ADI plas A++]
05 THA o IHA+]
& 1040 I3+
o 0 |
G2 FASS K ncrement 15+ 1
[ A A—:
[ 1 L1—-1
| (-1 [
= PreeTemnene H-1 Fiizs, F)
() A-1 A
207 Ir-1 ¥
. 431 .
21 15 o, -B- | R L el -B
24 -4 I el -4
17 —12-" -k
| 1) U= - -4
I Hnaleact B-a-1 Subiraur R=A
[ L7 Comp.) AL 125 Campe A-lD
i (a3 {312
10 A-3-1 A 4)
-] AR AR
2k 1= Dn
I [142-1 [0

Table 67 Logic Eguations for AL Fusgtions

ITetinitions 1+ =K1

Fo = Ty + 50
S LR BT
Ty = [y 1 5y

={i; + P0G, + WD Gy TP E R

o= By 5,
G, =K, 5,
r.;]_ = H]S_-
(i, = K,8,

PRt SLVPIL N Y LIRS L

2 0

I

h-12



Talle éob PGS AWK Funeriom

[:-., | Funerimnm i;' . G L,y | TN

n| K+5 11 F, I LY o I O Y e N I C,or

I S T - — S as B S eagaliars bt ksl By Do Wi et e

I Ro= - Sanzs s B S iona bersaletivone 5 Tar S o e fcicn - -

£

3 k-5 I—L_"-"' | L I'l: My I:"| 1 |1| Pu s

r F IT'I"'III |||_ +|:'"

4| RaA L G L, 1+, LRI L ST PR TP X A ‘I Lo e 000, 850 T

n
K | (A Lew — — B s BSOS gz, b st e |1 i By e tiiors —0m0—— —_
fi HE T L - Same s Bw 5 ol sahaitite _El-l e B defier oo -

Fodvy 1101000, + PP Tor Lo e nent ol
1 r'-."'_—_|'5| I:',: “..:. 't b [ ] HT I

-
=
E
o

ot e+ G [ PG 1y, - PG, + PP T

L W1 T



W E]
“n l4 Ir Ia [n}] P O o. 147k

L LT

EE T B ] 24 ) 2 11

F a¥wA L=t Fa IaWf

HIIIH lHlIH

) -

1 2 E]

'3 4 G £ (R} n

LTI OO TOT L UL

MCITE P.NOT 1% PAS IRER FoOIn QHIEMTATION.

i -aca

Fipure 6=5 AN 2900 Pin Coapnectiong

6.6 CONSTANTS, BYTE AND SKCTOR CONTROL, SHIFT CONTROL
The constant ROMs contain the Ased-value numbers required foe cerlain floating-peing funerians.
The magnilnde of some of the eanstants depends an whether tie loaling-point numbers arg single- or

deuble-precisionend short or long inleger. Thus, FD and FL arc used as ROM-pating sygnals Tor
propet comstanl selection.

The BYTE control lines enable AN ¥ autputs onto the T-hos by B-biL byles. Ane high-Dyte /Tow-
bevle combination mav be enablod,

Sector contrel is nsed ta imdependently welexl oo of four [6-bit sectars af the & M2O0L. Tach secioe
clock clocks four AR IO0T slices (16 bie) which are wsed intermally oo lwd the RAM or G- rerister,

Shift and ralate signals ace peneraced to operate the input muliplexers 1o e RAM and {-registers ol

the AN These registers may he left and ripht shilted sod conreois ave provided For mjection ol 1s
wr Ox 1lo the hit stream as shifts are cormed oul.
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CHAYTER 7
MAINTENANCE

T ENTRONDUCTTOMN

This chapter deseribes sime of the maintsnence toels and lechougues available fos gtaintenazee of the
FRUI-A Moating-peint eption, Descriptions of the diagnostics. programmer’s consalz, display fea-
lures, and decorneniation aids are alsa elnded,

T2 FPLLI-A TMAGMOSNTIC S

Three diagnosties are available o vulidete and disgpnose the FPU-A TTowever, since the KOTT-EA
duta path 15 wied extensively un foating-point instruactons, CPLT tesle siioold be oo price 1o ronning
Ouatine-poinl digpnestics 1 thece = any deabs abour the TP, Sucesssful ronnwg F CPL cesns docs
ael cule oul the possibilivy that @ KDL L-EA failuze may cause anly floating-paint inscruceinns o Mal,
The three K171 1-A dingnostics a1e bsted below with a short desersplion ef each. The disgnostics shouald
be tun inm the xame wrder as they are heled because sucoeeding diaenostics hoave been ol s0coesiully.
Olheswise, Tatlly dicenosis ol e failed miceo-step and wheee e prablem s located mav rasolt,

7201 MAINDEC DFFPAA
This disgnostic teste the following Noating-pring instrucrians.

L.IDFPS

STFPrS

i o

SETE, BET, 2ETL and 5ET1.

STST

LDF and LDD fall aoucee miciles)

ST dmode D and 1

ADDE, ADDD and SUBDY (mest canditions)

T.2.1 MAINDEC DEFPBA
This diagnastic tests e fllewing Mealing-paeinl mslrucliones.

ADIS A, and SURD (all conditions pat listed in DDFFPAA)
CMFPD and CMPT

CHYD and DIVE

MULD and MULF

MO and WMODF

Thas diapnwstic also makes wse of g special testing moduole (M E267-TAY, whizh allows the dingnosic e
check the abiiey ol the (oatione-poimnt 1o ahoct an AT SUE, MY, DY, ar MOMD anstruction if an
inicrrupt request ocolss during the inilial portion ol ore of these instroctions. The ewra hardwag
Tested wsing the special fest medule s rninimal and 101y espected to De wsed only durne menufacturing
lor mang completc testing. The dizpnoestic autematically checks fer the test modwle, and only i pre-
sent, perfarms the special igstroction aborn wel. A messepe ot Lhe berinning of the progcam indicutes
the presence of the rest modile and it use by dhe diagnostic I e module is nol presenl ma messaae 5
perieri e

-1



T.23 MAINDEC DEFTPCA
Thas diagnastic wests the fallowing foating-point instractions.

STE and ST {all modest

STOED and STCDE

CLETY and CT.RF

SMECGEF and MEALD

ABST and ABSD

TETF and TETD

NEGE. ABSF. and TSTF [all souwrce modes)
LIOFRS [(all sonreg mades)

LIDCEF, LIDOCLE, DXL, and 1110
LIMix P

ETTPS {ull dextimution muodes)

ETCIL, 3TCFI STCDL, and STCDI
STEXT

BET%T

7.3 EYII-LR PROGRAMMYMER™S COMNSOLE

Mormul consnle snd muintenange featunes provided by the K'Y 11-LH proerammer's console e dehoge
and diapnose the K1MI1-EA processor sre directiy exlendable in Use o the FPI1-4 nl?...lltlt___-]'.lli.llrll
aption. Thess [ealures include the necmaul cansole [unclions of examin g and deposiiing it mematy
and peneryl cegislers, single-instruction stepping. the codsols maintenance features of single micro-
instruction stepping, and digplaving MPLC Lines, D nibus data, and Lnibws address lings,

The KY11-1.H dizsplays the wdditeonal MPC line [(MPC 9 1000 the proper cable connections belween
the KY11-LB and TP11-A modules are made. Thuz. single micre-slepping the machioc through float-
ing-poanl riiceo-vode s pessible,

A change in e KD L-EA processor from the KDU-E procgsser enables the AMLIX linex onlo the
Tibps data lines iz the manupl glock mode. (K Y L1-1.H muntenance cables are allached . ke censole
igin MAINT modeg, and che HILTSSS key hes been depressed b The AMUX 1o Unibus deivees are nal
chnahled, however, iT the current micro-step 1= o DATT, at wlhich e same ochee dovice (memory, 0K
will e driving the Unibue data lines. Siace the consele can display the Ugihus dats nes (EXAM key
in MAINT mode), ibe AMUX lines ar: being indirgetly displaved most af the time. This new fealure i
directly extcndable to the FP1I-4 in that the AMLUX lines are the daly palh Ink belween the KDY L-
EAand the FELI-A L Atany micro-step, the AMUX hnes muy he dosplaved and wlile ruasting loating.
paint micro-code, the -bos hones of the FPI-A are defaulied oo the AMUX lines, This means that
iF the AMLUX lings zre nel specitically being used in o lloating-peint micro-ingtragrion., the 'I'-hus will
be enabled onew the AU, allowing the T-bug 1o be displaved, Also, whenever the 'T-hus s not hemng
wapliciily used, 2 byues of the @d-bil daca path arc enabicd anto the T-bux, The sclual soorce of the data
on the AMIIX lings at any nuecro-step may be determined from the FPL-A flow diagrams, Refer o
the A YiT-L8 Progremmer's Conxole Madntenance Manwal for mose information an the use and aper-
ation ol the K¥11-LE for maintenance. Refer v the FP1L-A print set far informacion regarding Lhe
proper installation of the TPLL-A and KY11-B.

T4 FPIE=A FLOY PHAGHEAMS
Each micro-step in che FP11-A Mow diagrams denotes sehut weill be displayed o the Unibus data lines
witcn the manuoal elack is enwhled. This informalicn j= given just below the dotred line in cach block.

The mlenmativa may be a congant dsugh as (OO or may he deflined m 4 peneral wuy such ws
CQ{B7.B0) which indicates that bytes 7 and 4l of the Gr-rewister will be displaved. Beler 10 Figuree 7-1.
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Figrne 7-1 Displey nfanmation

7.5 EXTENDER BOARD

A special extender board (W42) and two exender cahles are meluded wath the FPI-A module ana
hes extender module, The FPLI-A print sct shows the correct methods of wsing the W02 sxiender
maard ang the included cables.
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FPI-A FLOATING-POINT FROCESSOR Reader's Comments
LEER™S GLILE
EK-FP11A-LIG-HN

Your comments apd suggestons will help us in our continugus effart to improve the qualily aod wsefuloess of our
publicarions.

Whart is your peneral reaclion o this manual® I your judgment is it complete, aegurate, well orgamised, well
written, ¢te? 13 it 2asy 10 wse?

S

—_— e — —

Whutl features are mast wseful)

What faulis or errors have vou found in Lthe manuoal?

i2nea this manual satisfy the need you think it was tmended Lo satisiy?

e

[Does il sarisly yorr needs? Why'?

L — -

——— e wt t

— e —

(1 Please send me the current copy of the Feeliniegd Dagymenrarion Catalog, which contaens infarmalion un
the remainder of INGITAL'S technical documentation.

Mame - Strect

Title R 0 | £

Company Atate, Country ~—
Dieparctment Zip R

Additional copies of this document 2re available from;

Digical Eguipment Corporation

444 Whilney Siceel

Morthboro, ba 0L332

Attention: Communications Secvices (NRZ/ALY
Customer Services Section

Crder Mo, ER-FEI1A-17G-0i1
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