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- DREFALCE

Thiz user's auide is intended ra familiarize tha reader with the
hardware and soiftware Ccharacteristics of the MicroWAX 78032 32-bicg
Central Prucessinq Unit chip. [t i2 assumed that -ne resdsar has "ad
sxperignce. with micy nprmu35sn? degigh, - FEmiliaricy @ with +hna VaX
architecture will also-be helpial. ' - :
Chaprec 1, Intradoction - Provides the reader with an overview and
prief functicnal descripoion ol the MicroVai 78032 C27 =ingle chip
microproceesor.

Chapter 3. Architecture - Dessribes the implemencaziasr of the  WAK
arshitecrure Dy the MicroWAX 73032 <Py, [+ covers such areds 23
data tvpes, segisters, memery Tanacement, ScacHs,  ingercupts,  faults
and excestions, &40d the réstart process., - '

Chapter 3, Instruction Formats and Rﬁdrﬁsﬁing Modes - Pravides a
detailed description of the instructicon formeécs and addressing modes
vsed by tne MicroVax 7BOZZ CPRU. - : -

Chapter 4, instriciian Sen - ]Esck]bea:rhe ingrrection ser for | ehe
MicroVAX 75332 CBPU and its companior Eloatt n% point unit {(FeU). Thig
chapter alsa describes the srulacion orocdss for the VAKX Llastrustions
rhat sre. not dirscsly Lﬂptﬁnprted in the’ EFU QT .iﬂ companian Fed.

Chapter 3, Bus Tr auq¢CTf ansg - Describes the wvaridus - bu¥ zycies  and
2iterndl processor/registes D’DtDuG'E uaed Ff the ﬂlurﬂ‘hx Tan3iz Ceu,

T

Chap:er B, Fin Dest*1nt an - Descr:he5-the Famcrion of  aach MizraoVaX
7BO:2 CPU pinm. - - o '
ing ~ Provides’ some s lptroductory infoacmetion on

Chapter 7. In = _ _ /
al logic 2 tne MicroVAR Y8032 CPU.

.|.
interfacing ex
Apgend;x ‘A, BCard AG Characteristics - Provides pawer, sevironmental,
and HEFE*LEd timing information. c

ingtructionse impiementsd by the  MicraWAX 74032 CBY and
This appenELx also summarizes tie lnseruccions that tac Eive
assistaice from the CPU. -

apoendix 3, Instruction St Summary - Provides s sitmmary of  the VAKX
L3 =

Aappendix C, C:nsu;e Zrtry and Exit Houtines -- ‘Sagpie econscls enscw,
gxit ard medary managemsent sMulatlon rodtines.

Appendix I, Mechanical Specilicarions - Providss package dimeazizsns
for the two diffevent packages that zhe MicroWal 730312 CPU comes in.
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The MlcroVax Jad3d CEﬂrral Pracessing Unlt tCPIY is . a single chip
3g~bit lcfap*mcaa$ar. Its prlrh;ﬂal design features: are:

-

s I[nstructicn set, data. type. and ﬁﬂﬁnry ﬂ&ﬂﬂtﬁnaﬂt compat.bility
wich the TAE-I1 ﬁuperm:niﬁampu?&..s : . -

# 4 Gbyte wvirtual address space, 1 Ghyte physizal address space.
& 12-bit internal and external data gaihs..

# High perfornanze

# Cn chin, rcighsly integrated, dem%n&-lpagﬁd “wirtual memary
mapagemant . . : ' : .

& O ¢alp clack genarator and incerrept cantroller.
& ‘Simple external interface.

The MicroVEX 730332 CPU implemerits a zompasibie subsst. SfE the YAX-I1

archibkecoure, Vizible machine state -copsiste of' sixteen general
purpose registers; 4 progessar stadus wdrd, &o0d 2ightesn privileged
TRFlECErS. .The & instruction. set  architecture supports alil 134

rdtive-mode VAX instructions. Sf rhese, 175 are . lmalemented in the
MicroWak TA03Z COPU, and T2 in the MicraVax TH13Z Flﬂutiﬂg Poire DRt
LFEY . The remaining 3% instructicns may. bDe me;EmenLad wia soitware
) emulation, waf whizh 27 are assisred. h? mirrocodes, ALl VAX dAets tvpes
oy supnseied, Of these, six are kmplauimred in gng wicFm”xH Ta03z
=i} bvte, word, iongwsid, and qu&dhmrd iaLegensy wvarliable lLengrh big
E-E;d&; and vartabi@ ‘&tg B character- striftga.  Three are.  lsnlemested
i -the- MicroVad 73132720 single precision, dagyble preszigicn, and
entanded 4qubie p*?rlaﬁun {;qa:inq=ppint;numhers. The remaining - cata
o¥pes are’ gupbartad via sgoftwares esulation : . . o
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The memary mAnagemant architeczure providas degand pased wirvriual

memory Tanajement. Firtual aerory is 4 Govee, divided prto four T
Goayita reglons of %21 312 byte pagss each: pa, ?l, s¥skem, and
regzrved [Figura 1-11, Tha 0 angd Pl Teciagas ars ntended for gser
pragramsg and arve Mappes through double level cage -—Ss-es, LoEt s, *he
Td # tables raeside in system virstyal address spsce and can be paged,
The svstan Fec;nﬂ 23 usea {or ris  operacing Syscem 4And Ls fapped
:hrﬁugn a a&singia ievel page table, Four hiersrcpical eccess modes
‘dernel, eXxeCURIVE, superviscr, user) are grovided, with  decnsl  the
most  Grivilieged, Tacn H1F Hyhe page can oo se: for readiwrite, raad
ohly, or ac access from sach of the four modes. Phvsizal  address

space iz 1 Gbyze, divided ints 212 Mhyte for memary, and 3id Mbyte for
Trnouk/Cusput {I,/¢) devices ar other special ises (Fi ;hre 1-11,

YIATUAL ADIRESE 5R0.0E AHYEICAL ADDRELS SPALE
1quuunuu — nAR DG g
. MpMDRY
REGIOH : © AFard -
e e b e e o - - TEFFESFFF "
- EEEL RS
e
_ _ _ EP5CE . -
IFREPEFF | N URFEEEEF
I ECAGE AR :
r--.ll_l-_-d.l.u-u_ld_l
1 ] . . ; .
EEGITN : : - -
FEFFFSER
EO0AD0GES
ETETEM
REGi (i
ot i e i ki e e
i
[ 3FREERFE
colntadn
REEERWED . : S S ' W
RELN ’
" FERFFEF
- . . . T T el

Tigure l-1 ‘Address Scace

et

The MicroVa¥ 7EQ32 " CP

U provides a -gimple " ard wfdfjcian axteErnal
LnTeriace which minimizes suppor: ‘devices | withour impasting
performance (Figure 1-Z2)1,. " The primary -comman.tations padh  is o the
Tu tiplexad Dakd gnd  Mdcress Bus [(PAL=2L:103%0.  This bus is used ze
rransait address from angd data to and from the H-r:HJAH TEQIE CBU

The " Address Strobe {E3) and Dzta Strohe EEEP i QFELE LTD?ldE L;m.ﬂ“
Lrisrmation for ‘addreszes and” data, respectively, The Avre "Masasg

ifR=T-771 rontro! oyts Splesztian Wwithin the  3Z2-bit’ Dan buﬁ. "The
Contral Status {Ca<i:fe! lines and Write (TR =ignal pravide srares
information #nd ders direcricn. aus cyoles  arg rerminazed
1-2
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asyachronously wrsn exterrcal logic asserts either Readyv (EO¥W) ar Brraor
LAR . The timing of rzdd and  write bus cvcles permic standard
voemic RaMs to bhe intersiaced withoyt cycle slips. An alghk-hyze
refezch buifer, ‘Tmgeiher with &  Jour-byre wrize . buffer, permit
ng=rucsion faeches gnd data writes - ro he averlapped wizh  orher
mErATioNg., ' S :

B B

WTERRLHT - | —— BREBEL rved — I
R B i Err ey . — . S
PE

et R 3 A ——
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INTRCOUCTION

D d TUNCTIOWAL QUVERVIEW -
The Micravax 74032 CPU sr:lizes a pipeiined, micropeagrsmmed  JT2-%90-
implenerntaticn.  The principal sections are shows 1o Pigure 1-3; -

® The data path (E Box) containy the 1 arshitecturalliy-sowcified
general registers, 20 scratch registars  used by microcode, a
ii-hit ALY {or arithmetic and luscical cpera-ions, and a  3i-bir
ngrrel shifter Ior sh:f:is and hic field zperaticns.

# The memscy managewenz enit (M Box! contains threa address
registers {owa for data., ope for . insnoustionsd, & fully

. N . . - o - . . ' . -
asscalacive, elght ensry, cwrarnglatian buffer urilizing leas-
regently used TLRI) rEpLa Ened_, canhd scc2ss checking logic. -

o o The truction dezode lﬂgi: t1 Bex! cgnsists of  an elight-oyre
_g;eﬁetcn ouffer and three instroction ard zpecifier dacade PLAS.

s The DAL Incer fece cansists <f memary data. read and write
rofLators, the - Eﬁt&rna' DpErﬂFLﬁﬂ: 5ec:encer, pun coatrel log:ic,
ard. the write bufier.

» The Cnntrsl_ Stare contains the contrsl microprogeam,  which

cgnsists of 1600 33-bie mizrewords. :

¢ Tha-Microseguencer contains the wmicropragram  PC, mizroprogram
subirolfine return sfack; ard the zonditional microbranch lagic,

. _*h& IPLA ayxiliary ROM iz an instruction lookus takle zoncaining
9 b1t5 of informaticn for esch implemented lmstrucciaon.

» The Interrupt . logic synchranizes and prioricizes +rhe saven
excernal intervupt tnpezs ‘halt, power fall, clock tick, ané
inpuks for Iour levels of vec:iocred interruptsi.

# The Clock logic genarates - zne ' internal phase =lccks Sfrem  an
extarnal dguhle freguency source, Tk

Essentially all sgotions =f =he  MicroVaAX 78232 0 CPU operzata
irdegendently and concurrencly. While the % Box is executing a data
math “cperation, the ° Control Srcee i ACCESSLNC rhe neExT
ﬂic“ﬂlwstfic:inn' the Mitrosecuencer is ral”uia-iﬂg rhe address of =he
fnllawing microisszrucsicny -the ¥ Box can De transl atiag 3sn  address;
the [ Boxr camn &e dcwﬂdhﬂ 5N Lratructias or operand soecifier ang
creferching  furcher dnstruction data; the DAL Interfaze eas be
inlciating or cnmy:e:iuq an extsrnal access,
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CHAPTER: 3--
ARCHITECTURE. .
2,1 . IMTRODUCTION
This chaprer describes the MicroVax 78032 Central Brocessing  Unit’s
inplementdtion - of the VAKX arthiteczure. This chapt=rv s divided in=o
the Ioiilswisg major secciohs: " D .

& Data Types

. Rggtﬁteri

.i”_ﬁemﬁry-méﬁégéméqt.

‘e Exceptions and Interrupts.
® Procsss SbruiCchure .
i__ﬁﬁaﬁka

® Restzrs Frucéss

The Microvax 79032 CPU instruction formais and instructien 3T are
dtzcussed ih {hapter 3 and Chapter 4. : :

2.2 DATA TYPES

Thwe MicroVAX  78G32 CBU supports nina data types: oyte, ward,

longword, guadwerd, characters $t@ing, variabie lengen bHit field, snd
Targuah the companton MicroWVAX Tdlie FPU, P _floating, D flgeting, and
G_Elmating. : : .

i
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2.2.1 B&vts
A oyzae is 8 contiguous Dits gtacting on an acddressable byte ooundarcy,
The 2izz are numbered fr-2m the righc & zarcuga 7, Filgure -1 -
a7 0o
I I
BYTE 2,
LN
T RAF LTS
Figure Z£-1 Byte Data Type
A byte i3  speTifiad B ivs address . - &, WiE. interpratad
arichmetically, a Lyte 15 a Twos Complement inr&g with bits of
tncrezsing significance going 9 thrasgk & and b;t 7 orhe sign hi:. The
value aif <*he inrfeger [s im tie range -1Z23 rougit 1270 Par the
Furposes of additien, subtracrion, and ﬂumba*ngn Vhﬂ 11 ‘nst:u:t:c“s
also provide direct support  for the interpretation of s by¥e as an
Ena;gnei nnteger with bDits of dncreasing significance gaing & throughn
‘v The walue of the unsigred intager iz in che range 0 ‘through 28%,
Z.2.2 Ward
& word is 2 contiguous byses scarting on an arbitvary brete. bouadary.
Tha Dits are aumbkered Irom zhe right 0 through 15, F'gurﬂ 2 2.
WDAD
1E 4]
T1T 1t e T 1T T T FT T
s
S T N N Y Y S I G A |
. K A-1FEIS
Ficure -2 VWord Data Type

i e B e e o e e e
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AR - : ARCHI

2 word iﬁ,ﬁnetified by itz address A, the addresis af the byts
containiag  oit 0. When 1n*e*prit9d arithmetizally, & word is a twos

-

camgiement integer - with  Bits of  imcressing signilicance geing o

.hhrﬂLgh F and. _bir 15 the ign bir.. The vaiuﬂ o f the Integer ig in

TECTUR!

Lhe range -32,768 thrﬂhﬂﬁ 3L.76T, - Far  the PUTpoOSES of aagd:tieon, -

csubtrachiion . and* comparison, VAX-1l isstructions s#lsd provide direct
support for. the. intergretation af a JG"d as an unsigned integer wish

oits  of increasing signiticance going @ through 15. The value 2§ the

- u“iiqned integer is in —*e rargs 1 through uE,S]S

E.EZE Lﬂﬂguﬂrd

- - . L T

A longword. iz 4 'cahETQud 2 Bytes  ssEriisg  on 4an 2rbitrary bhyte
nuqnﬂary T he uLtS are fumbar Eﬁ from- the ficﬁt T rhyousghk 21, Figur
£—4, Lo ' h :
LONGWORD. e g y _
R 31 ) L - . fe - . " i . m
TT T 111 Ty T r] TT TTT Tt [ N COF VO A e
L bl 14 eidl F{H y: Iﬁ-ll:rt-Tq T IR AN
. h . .l': . oy o : v AP T
Figure 2-3 Longword ja:a THpe
A longword is specified by irs address &, the -addrass  af - whne byte
conkaineng . bit | 4. A“eu 1rterﬁreteﬂ ar: thme-y,al f, & Longword is 2
Lo, COmpLement dnteger wi n.nitg of incressing si gnif'ﬂﬁpce gaing 0
shrough - 30 cand  bit. 31 the sigp bit. . The value of = integer is in

*he rapges ~-2,147, 1&3,&45 Ehrﬂug_ E,i&? 8%, 5647, . Far, tﬂe purpozes of

f:adﬁlt1nn, -suntructﬂﬁi,. and.  coRparisen, - VAX-IL insiructigns - also

provide direct s pﬁrrt GF'thé'LﬁtEfEFEtEﬁfﬂﬂ_luf a Lﬁﬂﬂwﬂfd as -Ar

”unsxun=d 111&ger with bits e14 1r£"5a5*q= s;fnqh.ca"LE gaoing O throggh

11.  Tha value of vha unchnﬂd 'nteger 1% in the ranqga -0 threugh
1,294,267,295, . '
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2.2.& Qugdword
A-guadword 18 B contigudus’ bymes starting ' on  an srbitrary - byte
baunuar? The Lits are numbered {rom thie ighc ] =hrough 83, Fildure

i"ﬁi

ZIADWOED
al o
I I B I T N S N A - B B I B T M it i
L.t J i ] 4 ] & | ] ] - | i |- Pk - b i
8 2 e 2 St e S e e i e e o B ::'u:l'
IR N T A N I
i el

EERRIT

Pigure 2-4 Quadword Data Type =

- " e

& guadword is specified by 1t ad::‘ireas A, thE address ‘of the oyre
sontaining kit J.. .. When inbecpreted arLthmét;:alE?."anuaderd iz a
tWgs Complement integer with bits of increasing significance goirg 0O
thrcugin 82 and  Bit &3 the sign bit. The wvalue of *he irteger 1= in
whe rangs -2%*E3 Lo 2F%ali-l,

~2.2.% - ¥ariable Length Bit Field -
A wariable Dit field is I ro 32 contiguous bhits' located  darbitrarily
with respect to ovte boondaries. A wvariabla bit field is specyfied by
3 ateritutes:”. the address A of a by-e. & bit position ¥ which iz  the
- starting location of the field with respect te bit U of the byte at A,
and.a size 8 &of she field. The specifitarion: of -a byt [isl ' s
'nfica,eﬁ by che' {nllewing where the figid (s the shadéed ares, Figure

YARIABLE LERGTH 317 FIELD

= TN [ o | on
i
FF:FFFFI-'FFFFF.:FFFFF'FF.-_-F-'-F":FFFEI ) 4,
i
51 (13]
LR EF

Figure 2-3 variable Lengthk Bit Field

-
& T

e o B B e o e . o S 0 L - e e B - e e, L R ] e A B A - SRR L e e o e e 8 e R R (TR Tt 1 8 SR e 8 e L L
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str:n:5 in FEEﬂ"f; tha Eas:t*nn i3 in the ranca —E**? zhrougn ¢

atr bit
*=31-1 -and is conveniencly viswed as a si gnEJ 259~ bL' byze. offser aad
i-hit b't‘wlthxn hgte fiald, “igu:e 2 q+' . -

no . e - o oa? oo

O I B T D iy e e i - B S B I O - A e
o " aYTE SFESET : | pwe
P:ri:ljl|'1"|1|1-;1-11]i-l:1|J-E|':E||

a ’ o Wil 1iad

Figure 2-3 U1*‘ nle Lé“grh”ﬁit ield.Specifler

Tha sign extanded 23-bit bgﬁﬂ offser-is 5dueﬁ o rhe adcress A and ihe
resyliing address- specifies the byte in which the tteld begine, The
“3-hit b;**wi hin-byte field ¢ncodes. che starring posicion . (4t rougn
7V of the field within that obyre, The VA¥~:l tield instrucriaons
provide diract suppart For the ipferavetation df & field as a .signed
or ungigred Lﬁtaqer. wWhan 1¢tﬂ*prE{Eﬁ as a signed integer, it bs twos
complement with bies of increaging significance ‘going oo fMrough S5-2:
cbit S5+1 is rhe .sign bit. Whanp {nterpratad as an unsigned iﬁteger,
bhite-of iagrpasimo SthlukﬁaﬂhE go from 0 to S-1. . A fileld of size 32

a5 3 valus, 1deﬂt.:aalv ﬁqual ko G,

A varl :ula aic. Eiel td ma; e *mnuaa1ad 1n l tﬁ S bytes. From a memory
_&anaggme 't point of visw only the minimum number of aligned longwords
necessSary to contain the field are actualily referenced.

Tor bif fields in regisTers, *PE position iz in the ranges 0  through
31. The pozition cperand sgecliflacg the Et&rtL%g pnsltlmn (0 through
31} of khe field inh ihe registar, A, wariasbiz bit tgld may bes
contaimed  in . 2 registers 1f the sum of positidn and slze-axcEEds 32,
- Figure 2-7. : C :

hq—ﬁ—

rH TAaRT

Figura -7 Verisble emrgth SiT Field Across fecistars

2.3

e P e e e — — - S e e ol il 1 ol = ol B o B el el M < s el ol o
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2,46 L{haracter Stting

A charactar strind is i ToNTlQUoLs sequence.cf  Bvtes in 0 omemory. LA
CHAracter scring 18 spec.sied ov two atbributes: ©he addrass a4 af the
firs: byre n::.F the string, 3nd the ifeagzh L of <he =szring n bytes.
The format of a character 3tring 13 %howr in Figurs i-%. The lerg:ik L
of a string is ipg the range 0 through £5,5313,

CHARACYER STRING

o7 T
FTrrrinri
-
% — LA¥T
| I I
. | .
1 [l
0 . _
.. . I L
A . : - - e . -_A.i.L...l
- -l ) | I -
Ui ) - T umenby

=

Figura Z2-8 (Characeer String Jata Tyge

ey g e L LAY, L W = a—— e R S S R S S ——

e — —
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+4.2.7 Floating Point

Mig *a?&ﬂ JHDJE CPU supgosts .the fallowing  floating peint  data
25 nraugr che HMicroVaX 761 32 F1naf;ng~ﬁc.n* Jnic, :

er}J

ae
F

S 2.2.701 F_flosting < -

An F floar 4ng dacum is 4 cunt auﬂ 5 b?tﬂs SLH"tth- an  an arhi-zrar

Byre  boundary, The pits are labeled from the right - tn:mugh 31,
Figire 2-9, -
F FLOATING . T R :
15 14 : I . T _ B
. hj 1 1 1., L LS LI ¥ T i b T " .
FRACTION - A2
' J, .. L i i ] | RS | | | | i F| 1L f]
w0 e e e D LR
ST ’ ’ . . : ’ ’ -

Figura 2-9. F_floasing Data Trpe

AR E floating datum 15 sp&::f.ﬂd by i 5 adﬂ*g;a A, the agdrass of the
byte containing bit. 9. The form . of - an F _{loating datum is sign
Tagnitude with Dit. 15 the sign &iv, bits 14:7 a&an excess 128 binary

expanent, and bits 630 and 31:16 .3 normaiized.2s-bit Fraction with the
redundant mosc suan.f*cant fr& vion bBit nat reprmsented Within the

~iraction,  Dbits of increasi Lnyg Elg*lflﬂaﬂtﬂ go-Irom 16 chvgugh 31 and 0
bhrﬂugh E. The B-bit. exponent field encodes the values { chromgh 253.

. BXpRLEnt _value f £  tagsthes with 2 sigrohis. of 9.-ia tdken ko
J.rd1:ata thar the F flﬂatlng datum has. a valige . gf 0. dﬂgﬂn&nt values

. mf- 1 throush 25% ifdicate irue binary eXponents Q‘ hla? thrﬂugh =127,

A expolignt value mf (1 _hngtEEr wh:h A 5100, Eit n# “ly i  caken. as

. rasir?eﬁ. ’ ?‘ﬁatlng pﬂLPT 1gshrUC 10AS HFEEESE nq a Fﬂsgr?ﬂd ﬁp&ra1d
CtaRe & reaurweﬂ Gpﬂfamd LEult Tﬁe vaiua of an k. Eloat :rz ﬂatum ig in
the  zpproximate range .29%} See-Jal thrnugh...T*lﬁ#*ﬂE The prnﬂ1=1un

. af an F-f;nat:ng darum . iz aspproximarely ‘oRe pdrT in 2%=Z1, i,e,
t;piual v 7 decimal digits. : o

e o — = wn  w s el s e s e el — —————— T — ] o —




hﬁC%“”EE*JEE

O flmating -

A-D_Eiu&tinq datum 45 9 contiguous bytes stareing on an arsisrasy bycs
Sounzary. The DLits ‘are Labeled from the rlght & inrdugh €3, Filgure
=10, ' -
O_FLDATING
15 14 w06 _ : o
I 1 1 F I 1 ¥ 1 T I H 1
5 EXPOMENT FRACTION A
. : i -
EH".ETI':JH‘ Ly
- - ERACTIEN. - - Arg
. ) B ERLETION - . . e Sl
| 1 1 1 ! - ! | 3 | ; ! | ! |
&3 ' £0
. KA-15EL]
5 -Fi-:suTe-"Ew'.ﬂ '-T:r- flhaf.'im;'ﬂa't'él Type
A D_floating datum is specifisd bv its address A, the addrzss of © rhe

byta cﬂﬂtaLﬂL gy Bt 0.

an’'F floaz Lng darum except

The form a;
feur

an

a- I Eluati.u datum iz
&ddit innal

1ﬂenttﬂal to

e slgnificdrze

lu"n"

Cfeaction: ‘kits, - within the fraction, bits of L,Lreas M- 5 gw1f1ﬂarce
go- 48 through 63, 32 through 47, 16 thrdugh 31, and 0 thrdugh 6. The
‘exponent  conventions, ‘and approximite’ rangs ﬂf values is the same for
- Flaating-ay F_Ylodting. The prer;51ﬁﬂ of O floaving datum s

_aptrax1ma*e d ﬂre ‘part, in 2%¥55, ile., yu::al J*LE ﬂeu1ma. ﬂ;g;h:,

&~

T L S P gl S A L

[E T A PP
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"
0

G fioeting Zacum is @ contigucus Sytes starting on an arzicrary byte
ndarg The Eizz are labeled frem the cight. ) =hrcugh &3, Figure
1. : ' '

|'-\.I-.._'|
I-||::

G_F CATIRNG .

15 03 T
] 1 | ¥ T 1 ] I T T I | ]
5 EXPORENT ERACTION A
FRACTIGH s heg
FRACTION A+
F Ay T el : A+E
L 1 | i, .t ] 1] 4 q 1 ] I 1 I ]
83 dg8
EEL R RT+ T

Figure 2-11 G Elc t1ng Data m?pe

A G_Iloating da-um is specified by its address A, the acdress  of th
oyta conta:ning bit D, The form 2f & G Elgating datum is sign
magnituce with biz 15 the sign bi:, wics 14:4 an excess L2034 Dirary
gxponznt, and bits 3:;0 and B63:16 & normalized 53-%it fraczion wikh the
radunéant mast 51gn::1tant fracrion it aab represanted. Wishin the
fractisn, bits of increasing significance go &3 =hrocugh &3, 33 throuegh
37, 16 through 311, and € zazough 3. - Tha ll—hit-exgcﬁen:'field encotas
the walues O <hrough 2047. A&n exponent vaiue of 0 raogeibher with a
gignr Hiz of 0, is taken to indicate that the G floating  dacum has a
- value af 1, Exponens walues of 1 zhrough 2047 indicate srue Bisary

exponents of -1023% through ~1323.  an exponent value ol 0, together
with 2 sign bir of 1, .is taken as reserved, Flpating point
ingtructions processing a reggrved oparand  take a reserved operand
fFauls. The wvalus of a G {loating datum Igs i the approximats range
LEEFLIG**=308 through .3*10%*3i38, The precision of a & figating datum
i3 approdimarely one part in 2*%83, j.e., typically !5 decimal digits.

e . o  — R — —— o T 1 - T e BTN i) e TPPL W] M. % T -
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2.3 BEGISTEES

The ¥icroViA® 740337 CPL's register S&tT Ls divided inrs —wo sec=iars, a=

seen in Flgure Z-12. The .general reglsters and Processor Status Word

3 - : 1

LPEWE arz  accesjible to non-priviiegec sofrwars; :ne STEMAIN1g

registers are resesved Ior system scfroware.

£.2.1 HNoa-Priviledgad Hegizters

The pan-privileged regigrers consist 9f sixteen JZ-Eit general purposa

gisters and ithe processcor status word [RPSW) . :

2.3.L.L Generazsl Aegi=ters -

The six-sesr 12-bit gereral regiscers, RO zh-mugh RLS, can oe used  for

temporary srovage, - as  ascumulatory,c as bass registers, and as Lnder

registers. Faour 3f these registers have specific usss: the argument
painter, the frame pointar, the stack pointer, and :7e proaran

COURLEL.

1. Argument Pliafer - R1Z ts rhe argument pointar (ADR), The AP
contains the Dase address of & sofrware data structure =2llsd the
argumen: list, which s maiatained for procadure zalls,

2. Frame Toiater - H13 Is tha frare goiatsr (F2). The FP? rcoatalns
the GLDaae 4dcress of a2 scbftwars data structure called tHE STact
frame, wi:igh 13 maincainad for aorocedure ealls,

3. Srack Pointer - R14 13 the s:ack pointer (580, The S8 contains
the address of the =Top of the processsrs definsd stack. There are
five srtack Dointers one  far ench nperating  mnode toarae ],
axecutiva, SLperUisﬂr, and user: of zhe proceszor and sre tor us=e
by the system when nandling fnther:'+ The stack pc_n:er
currentiy  in use - is dertermined by the operating mode of -ae
proceszzns.  The ggerating mede is seleczed by che zZurrent  mode
bizs and the T8 bit ot the Brocesacr 3tatus Langword (BSLY,

1. PFProgram Counter - RIS i35 the program  countas  {PC), The FC
contains the address of the next ins=zructise byie of che proaras,

A ocecisters spencial functicon does net limi: ifs wse ro that fonction,

witn  fhe eycepTion 3f Lhe PL. - The ©PC zanngss =Ze uwsed 23 ar

FLOUMI.SI00, 38 & Lemporacy register, or as oan  Index  registsr, Ir

gereral, howvever, moss solvtware Oes not use  the stack Dainier,

argument gointer, ar frams gpoimter Jor purp2ses  sSther  than Lhose
desigrated,
£- 143

e i 8 . R ]
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Wher 3 zeqgister i3 u3zed o contaim data,
be

tame forma:r that it would
double figating datum is 3tored
in two adjacent registérs, Re an
& registsr writes anly bits <7
remaining Lics of the register

——ay
-

APPLICATIDNS

r

t0> or
are unaifecced.

Lhe data is stored
in memary.

-

stored
a r@qzs*e“ L
Arm+ll,  Wri
oits 4l

1 Calionll IF- MY 1,1ll'
&
=

it

K

i
+
-

& raspestively,

FACHIR & KM NG

GEKERAL REQISTERS

RO

z|z{zjz

A5
il}
AT
AR
il
il
LA

I¥STEM

PRCCEES &AM TROL AEQISTERS

L

| PCaE 1

El::aa. |

MEMBDRY MANAGEMENT REGISTERS

Mpa
P&

FIRR
FI1LR

SBH
SLA

— MAFEN P

Figure I-12 HizroWVAR
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&SP
=
USP
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L___rew ]
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~INTEARPT REGISTE Y

| SIRR |
E SISA |
! = |

SETLYL

L _l
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2,3.2.2 progeszcor H5cakuz Word -

"The Processor Sratrus Wood (PSW! consaias che condicion codes zad trano
erapie  flags far The  MicroWaX TEQNIZ PO, The PSW iz the
Aon-privileged portion of the Processor Status Longwosd (PS4, Thea
Lower 1= itz of the PSL cantaln the 25W. The format of =he BSW =

"shown in Figure 2-13 and —ae fupcticn of each kit iz descrines  inm
Tsple 2-1.

LI BT L s B . - - T R r I
T | f T T T f T
Wiz oyl el oW T | H :
] ) R i J ] I : 3 ! = i E | eam
HE Iy
Figure 2-13 Processor Starcs Waed

#,3i.% Eystem Begiztersz
The syster registers are processar (privileged) segissers for ssse By
SYstem software [for . orocsge controi,  Intersuypt  Zontrol,  memory
maragement mapeing and centrol, and processac status. '
£.7,2.. system Control Bilcce Base Regiscer -
The Systen Control 3lock Base reqgiszer (SCB2)  cortains the physical

addrezs af the system control Black: ™ (SCE).
vectsrs for servicing interrsupts zn¢ exceprions,
the SC3 refer to Secclon 2.5.4.

2,3.2.%2 Process Control Block Base Regisster =

The Proces2g Concrol Slock Base regiater (PLEBE! contains  =he
address 2f the Procesa Cansrol 3_ack (PCH), Th

hardware Zontext of the current procass.  For a descripoion of
refer o Sectlion 2.,

[ )

e —————— e T s T T T P PP

The SCE contalins the
Far 4 descriptian of

oays:cal
e BCE contains he

the 2CH
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Taonle 2Z-1 Processor Status Word 2it Descrigoicns
Bi1% Descripkion
13:08 Must Be Zero (MBEL).
07304 Trap ZTrabie Filagys - these Hics are used rto caugfe traps

te ooour under speciaid Circumstances,

B - Decimal overflow tran zazhle: used by emulatian
software in the smulation of decimal inscructigns.

FU - Flcating uncéerflew fault enrable; when ser, this
oit cavses & Floating underiliow fault afterc an
irstruction. that produced a3 Floating resulb too
amall in magnitude ro 2e rapresented.

IV - Integer gverilow tvap =nable; when sa2t, this bit
c5uses an integer overflow t-ap 2fter an instrus-
ticn rchat produced an integed result that coweld
tiot be carrectly represented in the space provided,

T. - Trace bity when sat, ;315 ﬁit'causes 4 .kraca trap
Eo occur after execution of bthe next instruction.

-3:08 Condition Codes - these kits conzala information on the
resuit of the lsst priocessor arithmetic ar logical
operation. The kirs are sat az Follaws:

M =11 1f the result was negarive.

T = 1 it the result was zers, S

¥ =1 if the gperation resulzed in am arithmeric
pver{low., : : i

o=1 ¥ put of or

+f the operand resclted in a car
porrow intoe the M8B {most signi?

r
i

cant kitvl,

S — — S S T e 0 i ol el ] P o e e il e T ol T
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2,3,2.3 InnErrunt éegiﬁters -

The Scftware Iaterrupt Summary [(SISR), Scftware In-arrupt Regooat
{S5IRa+ and Interrupe Prlovizy Level (IPL: registzrs are uzed -
control the interrupt System o 4he processor, They  Keep srack i
intarropt requasts, TUrrent  interray oriceitsy  lewel, and =zne
intarrent stack poinzer,.  The function of thes2 regiscers is dess-ibed

tn Secoion 2.85.3,

L. 3.2.4 Memocoy Msnacemart Registers -

~he Map Enable Hegisrer (MAPEN!, System Sase Register (533}, SvsTem
Length Regizger (SLR), B0 E::# Reg:star (P0BR), 20 Length Rzgiszer
(POWR), PI Zsse Register (PLER), and Pl Lencth Regisser BFILRY ace

uzed to enable  the on chip virtual merory mafssgement cnlic and oo
aeness the page table entries (in mernr;ﬁ used to  translate virttual
sddresses 1ntc physical addresses. - The function of thess reciscers Ls3
described 1n Secticn 2.2,

2.1,2.9 Proressor Status Lonm qwﬂ*d -

Tne Praocesscr Etatus Longword (PSL) contains status inafarmatioan - abooet
the processar. The lower L& bBits of the 280 are the non-privileged
Fracessnor Status Ward (PSW) . The upper 1& bits of +he P3L ars
oriviieged =nd accessed by systemn scftware <hen the processor s in
the kernel mode. Table 2-2 deageribes tie function 2f each bl: of  the

-

F3L and Figure 2-14 shows rhe conliguration of the 28L.

3 2B T MIE2A 1232 2130 7615 43

I }:uad T T o T T T T T T3 T T k¢t
[ - A 1FL PROCESSOAR STATLS WORD ASL
.'EI PI S T . S I S I X N N O O I I
| | P |
| ]
MBI FF‘D| MEZ
w» is
R 1 G50

Figure Z-11 Processor Starss Lonoward

]
|
=
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tTable 2-2 Processor S5tatus Longword Bit Descriprions

—— o ———————

£9:28

4
==l

25:01

Description
Must e Zerg.

Trace Pending [TP; - Forces a srace trap when set at
the DeEgirning 9f any Lnstruyction, Set oV the
prodeszssy 1f the T D1t in the PSW is set at the
heginning of an instrucrtion.

Must e zZero.

Firs: Part Zane (FPD! - et whan an exseckion or
interrupt oczurs durisg an iastruction that zan be
syspended, [If FPd is set when the processor returns
from an exzeptlon or interrupt, it resumes tne
interrupted ifstruciion wnere it lefit wff, rather
than restarting the irstructicn.

Interrupt Stack (I8} - Set when the processor is
execuring on tne InterTupt stach,

Current A~cgas Meode [CUR MOD) - The accaecss mode of
the currently execeting profess:

Xernel
Txecutive
Supervisor
Usar

Lad [t i LS
F

Pravicus Access Mode {PRV MOD! - Loaded Irom CUR MCD
by excaptians and Change Mode instructions, cleaced
by ihtzrrupts, and resiored by 3 Heturn From
Exception or Interrupt [(REI) instructcisn,

Must De zero.

Interrupt Priority Level (IPL] = Contains the current
pracessor - priarity in the range 9 to 1F (hax], The
Eraocessor will only azcep:s 1atessupts on levels
gragter than the currvent IPL.

Processor Status Word (BSW) - Coatains non-privilegsd

professar ﬁt&tlﬂ.

m -
A

U
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2,31.31 Processor Registers

Tha VAN archirecture 2ses a number of procesan o rF tileged)
registers.’  Bome of  theése registers 4re ImpleTenazsd o othe chraqu
7E032 CPU and scme can be impiementsd in extaernal tzgic and  accessed
Sy tne MicroVaX 78032 CPU.  These ragisters are sxp.icitly accesssd

oh.y by The Move to Processcr Aegilsrter (MTPR) aad Move from Processo:
Begister [(MFPR} instruccioas. The grocessor reglisters are .Lizted in
Table -2,

Ezch of the processcr regiszers Zieted im Table 2-3 falis inca ane of
the [ollowing categories: .

Poo= mplemented by the Mic-aVal 780210 CPU as specifiec bw
the “wAX Archicecture k

= lmplepenced by <he MiceoWak 78L32 CRE uniguely

= passed to external logic wia the sx-ernal processor

register protocol;  if pot impiemenzesd gxierraliy,

read se zers, no-oped on write

= caceess not aliowed {reserved sperand fauir)

L-a B2
I

s
I
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Mimpers

(Decimall

~%

b= 0 W X0 -] DR e L B e

=i b

—_————— =

D

AT

BEtatus .

W W M- WE P MW T MY ONT TR O OLW W P CE

Inrernal

Register MNams

¥erpel Stack Folnters
Executive Stack Poiataer

Supervisor Staclk Pointer
Usor Srack Bolnter
Intecrupc Ztack Pointer
feserued

reserved

raserved

70 Base Register
Lengih Register-
Pl Base Register

Pl Lergth Register

Syster Baze Register
Zystem Length ReEgister
reservad

reserved

Process C;ntra_ Slocs Fase

SvsLen C“nfrnl E;ﬂ:k Base
fncerrugk Pri c“lty Layal
..uE‘-.-EL

Safcware Inter runt Rﬁquest
Sofrwara Imtérrupt  Sum
Incerprocessosr Inte?rupt
CMI ErTor Regilster

Anterval Cilock Conerol

Mexit Interval Caount
rmterval Count
Time Of Year
Consoles Storage
Status
Conscle
data
Cangole

Rargliver

Storage Receiver

Siorage

Cansole
Data

Console
Console
Cansole

Storage

Receiver S:tatus
Herg:yar Data
Transmitier Status
Canscls Transm.tces Darce
Transidtion Suffsr Disabie
Cache Jizable '
Michire Chersa
Cacne Errvar

EN ol ale e

e oW R TH 1A

ary..

Transmitter

Tranamiﬁter

SUmmary

¥remonic Tvype Scopea
) o T pros
ESF r« proc
B5P [ h proc
C5P rw p Jadic
L3P rw cou
#lER W ‘proc
0L o frintala
rlER W prac
PI1LR ey proc
SBE oW . Cpil
SLa e cpu
PCED (] orac
5CHH . rw Cpu
IPL Fw opu
AETL?L (o) prun'
SIAR -l [t 1 F
S15R [y ‘CRU
[PIR oy TPl
CMIERR r © G
TCEs "W cpu
-HECR W Chu
I[CR r (g oy 15
TODR O CPu
505 £ CpL
CSRD r coul
. CHTS () Cpat
CSTD W Cpit
RACS Cw oy w1
RXDE t Cra
THCE W Cpu
THDS - CEu
TACR - oy cCpu
LADR [y st Y
MCESR e cpu
CAER Cw G

Processor Heglisters
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i

Table 2-3 Internal Brooesszsyr Hegisters (Convinued)

Number

IDecimal! Register Name Mnemsic Tvpe Scope [airt  Zat.
40 Acceleraror Conteols/Scacus ACLS o CT -- 2
1l Consae Savaed 152 SAVISE - aou - 2
iz Cansale Saved 2C SAVRC v £Dpu - 2
13- Console Saved BSL SAVFSL apn - P
24 WCE Address WESA P [y w1 -- 1
43 WCS Daca WCED o Cou -- 4
16 resarved : -- - —- .= 1
17 regarvad -- - -- -- 1
48 S27 Faulrsstatos S31FA cw cou -— il
19 £BI S5tl : 8515 e - Zpu o 3
3 BBl Bilo Comparator ZBISC tw TP -- 3
al SBl Maintenznce ' S2IMT rw Ipu -- 1
52 58L Error Register SRIER - rw ° cCpu - 3
S3 SBI Timeout Addresg . SHITA r il - 3
54 S87 fuadword Clear SRICC W il -= 3
53 10 Bus Resat [CRESET w SCpu - - 3
C& Memory Management Enable - MAPEN tw adull Vs H
= Trans. Buf. Invalidate ALL TIIA W Zpu -- L
g8 Trans. Buf, Invalidate Single THIS w o Cpu -- 1

) =9 Translation Buffer Dzta TBODATA  vw cpu o -- 3
B Mizroprogram Breaik MBRE. T T -- J
a1l Periormance Monitor Enable PME ow proc -- 3
=1 Syastzn [dencification ASIn by =Tt . - .
61 Trarslation Buffer Check TBCHEK ! e 1T i
B4:1:27 reserved ' . -- - —-- =

Legend:

T *  read

W = Writs

Fw © = readswrite

cEu = process specific, loaded by LOPCTH

proc = system-wide, not affested oy LOPCTH

Inir = initialized a2t powsr-up or skip reser by the rasrzpt process

-14

=1
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2.3.3.1 MizroVAX 7BI3Z €PU Specific Registers -

Tae implemenza:imn 55&:351& Orofessor registars 4re: inkarval Clock
Cortrsl and Status (TCC5), Consdle Saved Interryupt Stack Painter
iSAVISPY, Console Saved #C (SAVPCH, and Conacle Saved PSL (SAVESL).
These are described in the fsllawing paragr-apks.

2.32.3.1.1 - Interval Clock Con:irol Ard Status Register frecs) -

The I0CS ragister controls the intervel tcimer (TRITIMG iRTerrup:. it
zonktains & sincla kbik, bit «<6>, to enable or disable the interval
rimer Interrupz. Bi:z ¢4 is read/write. Whaen set, ilrterval timer

interrupts are enakled at IPLIE; when clear, iatarval timer iaterrupts
sre cisabled. 2ifs 23137 ,.5:0> read as zersc and are Lgnored on writes,
it <&> i3 =lsarsd by RESET. Figure £-15% shows the ICCS register,

17 S . . CICeOn ac
rir 1111t rr e r T T e-T 11T 1T Tef,r i1 T17T¢:

LS

| Y T T S (N O OO (UM VU O N O I

[RRELE

Figure 2-15 Interval Cldck ané Control Status Reqister

...... - o e - . i oY IR P, ) . R rre—
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2.3.3.1.2 ensole Saved Registers {SAVISE, SAVPC, 5avVEsL) -

Thne console saved registers (ZAYVIEZ, JAVRED, SAVPSL) avre Lliwites Lifa
proc8seor  registers  used  +o orecord che value of sha interrupr stack
pointer, PC, and ®5L, respescively, at the time a ohip restart occura,

The SAYISP and SAVPC recisters are used to save che interrupt  s-tack
poirter and the PC, “Es;e**ive'? Tha BAVPSEL recistezr 13 used to gavs
the contents of tae PSL, MAPEN,.and ik restarcrt  code. Figure  2-1¢6
shows these ragisters. Refer o Section 2.8 for a descripcion =f how
thegse regiscers arse used,
n oty
NN I e I Y A e A B B BN B B B
SavEQ INTERALURT STACY POINTER SAW|ER
I -5 - A - T N T N Y T O O -
a1 oo
E i T T T T T ITTITTITT I I ITrTr:Irisrsrrrrr—
S&VER FROGRAM COUNTER . EAvEE
I R A O 1 0 o Y Y T N O S O A O B I
a BT AE R ¥ co
i A e i I B N B B P 110 IR
PSL €31 'a> . HF;TaH' COJE | PEW BAVFSL
DI U T OO U O Y O T A I I EI [

#APER
WA e

Filgure Z-lé <Consele Saved Hegizters
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7.4 MEMORY MANAGEMEINT

Memcry managsment consists of che bardware znd softbwa

are whizi conerol
the gligcation ~ ard nuse of phvsical mencroy. Tygpically, ia =
BMUltips3gramning s¥stem, $everal oprocesses may reszde  In ghysical
memcry at the zame time, The MicroVAX  FEI3Z CFU uses memory
orotecsion and mul:iple address spaces to ensure thaT one process will
noe zffect osthner processes or the aperating systen.
To furthner improve saftware reliapiiity, four niérarchicsl access
modes pravide memery access  control, They are, fSom most to leasc
privileged: kerael, exscutive, sgiservisor, and usar, Protéctian is

specified at  rthe individual wpage level, where a page may bLe
1naccessible, read-only, or readswrize for esch  of fthe four arcess
medes. © Any lacazion accessible to one mode iz alss access:ble to all
more privileged medes. For each acce2ss mode any location thas =an ke
written Tan sls5c De raad,

When memory management is enahled, the TP generates virtual adéresses
whan a program iz executed, Howaver, before these addresses can be
used to access instructions and data, they wmust be tramslated intg
physical addresses. Memory manzgemenc scftware must maintain tables
of ®apping information {(page tamlésﬁ that keep tracx of where aazh 517
hTLE vlrt_ai page iz  located in physical memotry.  The CPU uerilizes

 this mapping information when it transiates virtual addresses g

physical addresseas.

Memory mansgement L5 the scheme that provides hothd  che MEMGT Y
procecticon and memery mapping mechanisms of the MicroVax 74032 Cpu,
Memory management meets severa.l goals:

1, Pravide & large address spdce for instructions and data.

2. Allcw data 5tructures'up k3 one gigabyte.

(%]

Provide convenient and efficient gharing of instruetions ard daca.

1. Contribwte to software reliability.

A virtuval memory system provides a ‘arce 3ddress space, yet allows
mrng“ams BEO run an fardware s with limited memﬂ“v configurationg,
Frograms eiecuyte i an environmenst ctermed 2 process. The wirtual

remary system for the Micra¥ax ?Susc CPU orovides each process with a
3 bSitlian oyta virtual zdidress spac

Merary mahragemant divides wirtga: address zpace into two  ecual size
Epaces,  the system  address space and the pEr-process address scace.
The system addéress space 15 the =ame for all Drocessses. Tr iz usmed
for the operacing system, which- Ay De wrlt 2rn @3 callable procedures,
Thus all system code can be availanle ta all other syszem and ysar
code  wia a4 JALL  inscruction,, Tach process  has lts own Separite
process address space.  Howdver, several processss may lave ancess ko

~
LTl

TR
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the ssme Dage, thus prov.ding conzrollad sharing.

2,4, Wirtusl Address Space

& wirtual address 13 a 32 kit unsign Eu irceger specifying = Ty:e
lacation in the addrass space. T:_ fe Jrogranmer mencsy s a Lipnear
array of ¥,:94,.9497,295 byTes. The wirzual address space 1is  oroken
inte 312 byre uanits termed pages. Fach nage may oe reliacated and

procected.

Mencry manggement provides the mechanism to map the astive part af ch

=
virtual address space t& the avallable physizsl asddress spare., Memary
naragement alsg  provides page urnfecttn" Detween professes. The
uperat 1t s¥stem  zonitraLs  the "*rtu i-ta-physizal address mapging
raples, and gwdans the 1ngctive Du: uwsed parts of rthe wirzcal address
Space onto tie axternal starace Tedla.
"fhe virtnal address space iz divided into cwo Darts. The half wigh
the lower addreszes, kogwn 25 "per-process space,” is distinct for
edash proggss radning  on ENS SYSTem. The hell with tne higher
gddresses, known as "svstem space,” 13 shared bDv all processes.
Figure 2-17 shaows the divisies of virzual address space.
934043006
LEmiaTH OF ™1 9EGICY 6N FOGES.
IPOLAL
FQ
REGION
0 AEGIIN GHOWTH SIFECTroN
dFFFF~FF
AGTIO0GD
[ 5 REGION G2 20 T 2IRESTIGR
F1 ——
AEGION i
LE&NGTH OF 21 AEQICM sM RAGES
127" 31 -71LFE;
FFFFFFFF
qga0vEdn
EMETE OF SYSTEM AT 100 (M PRLES
.SLRA:
SYSTEM -
HEGIOM
| FYETEA RENGN GROWTH DIRESTSCA
BEFFFFEF T '
waoidact
FELERYEN
RESIOFF
FFFEFFFF
. LLE LT
iqura 2-17 Yirctual Adéress Space
£=-22
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Z.4.1.1 Pracess Space -

Addresses 00000030-7FFFFFTE (hex! of wircual address smace arz cadled
"mar-gprocess  gpace”.’ THe per-process space (s divided into zwo equal
parts, the program cegion P00 ragionl  and  the cancral  region (21
region! . Fach orocess nas A Eeparate address tvansliat:i:on map for
SEr-~procsss SHace, 55 the per-proceys spaces of all processes  Zan Dée
E:ﬂpie:ely cilsjainted, The address mag Ior @per-Qracess s5pacs is

zontext switrched ichanged) when the procsss sunning on the system  is
~changed.-

Z.4.1.4 GHystem Space -

addresses SO0Z0000-FFFFFFFY 1hex) of wvirsual address sgace are called
"systenm space”, All - processes use the same address translation ma
For SysStem space, 53 system spare is shared arong &ll processes. The
address map {or systam space is NoT Context awitched,

2.4,1,3 virrual Address Farmat -

The MicroVaX 7B032 CPU genecates a 32-bit wirtual address  for each
ingtruction ard operand  in MERSTY. A the process erecutes, the

orocessor translates each virtual address to 3 physical sddress. The
Eormat of © &4 vircwal afd-ess lg shown in Figure 2-1d and described in
Tabkla ZI-&.

When bit 31 is ane, =he addressg ig in the gygrem space. When Dpiz 31
iz zero, zhe address is in the per-procass sbace,

within the per-process space, bic 30 diszinguishes between the orogram

and control  regions. Whea bit 30 is one, the contcal reglan i3
referenced, and wien it iz zero, the orogram regizsn is referenced.

" . o [ape . 0

I L .

oS B¥TE MUMBER

CASNN U - Y O O O Y O O O - Y Y o e N S LI AL
. L E SR ETE |

Figure Z-18 Viroual Address
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Table 2-4 Wirgyal aAddress Bit Descripsion

Tield . Bits descrioticn

h=] 1 =31;0%> Virtuai Page Numker - This field
spacifies the vi*tual page to De
refaraacel, WVirtual sddress spase
manzains 2,388,608 pagez af 312 byv-es
eazh.

s =31:30= of thE VPN are used To
select khe reglion-of wirtuel address
space beiag re.erenced. :

Value af Region
ita <7Ez30> defetrenced
A P
1 Tl
d SySEen
3 Resarved

BYTE NUMEBER ~08:04> . Ayte Number - Thig field specifies the
byte number within the page.

z.4.1.¢ Fage Protaction -

indemendent 2f fts location in vietval  gadress spece, a gpags (512
ayres) may Se protected sccording te its use, Zven though all of
gystenn space 15 shared, in tha® a progranm may cgenevate  any  address,
the program may be prevented from modifying or even accessing noroians
0% SYSIiem sSpace, A p*uﬂram may @is0 De prevented fram  aczessing or
madifying porticns of process space. :

2,4,2 rMerory Maragemsn: Conbrol

1

The aczieon =f translatirg a vi-tuwal adéress intc a ohysical wddress is
corercited by the deztiag af tne Memery Maopirg EZnaals (MME] bt oin

tne Hao Endaple  (MARPEN! rtaeglister. The crmat <f the Msp Enable
Register 15 s5o0wn in Figure 2-19 and descelibed i Tahlae 2-%5,

Ir
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31 o
e DTty oy ey T rr )
. waz : WA PEN
E I I R N T Y T L_‘L_!_J SN N Y A T R N I . T ]
. WIKE
W r1A0E
Sigqure 2-~19 Map Znable Regiscer

Table 2-3 Map Enaskbls Register Bit Descriprioen

Fiald 3it Descriprtion
¥EBZ <3l:gle Myst He Zaro
MME Co=d0F Mamory Managementk Enable = used to

enable and disable memory managemant,

MME = 1 Enadoled
MME = [ Disabied

Z.4.3 Access Concral

Access contral 1s the funcricn of walidating whether a particular tvpa
af memory access i3 to bpe a:lewed oo o4 parvisular page. Ivery page
“as agsocigzed with it a protection code that spedifies for =ach mods
whecoer wor nst rcead or write refzarences are allowed., 2Also, each
address iz checked to made certain that It i3 :n tre PO, PL, 27 system
region of virtual address space.

i3]
!
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o430 rocessar Mol -

There are four hierarchicai medes used For protectior by the MizsaWAYX

7B CPLU. The modes in tRe ordat o most oo .2ast orivilesed ace:

o derrel - used Dy the xernal of the apera®ing system for page
manzgemant, schedyliing, and 50 deivers,

1 Exgcurive ased Ior many aof -he coersting system service calls.

é Supervisor - used {or such services as command iaterpreration,

k| User - used for user lewvel code, utlilizies, rompilers, debuggers,

etc,

The modea at

SUErant mods

-

F4

2.4.13.

Asgaciated with each nage

code  Ehat
orotection
Wwithin thse

which the pracessor (s currvently runnirg is s<cred in che
fField zhe Processor Status Longwordé {DSLy,
Protection Code -
n virtual addreéss space 18 4 protactian

‘¢ locatad In. the  page table entry for tha: page. The
tods allows a2 choice of protectiorn for each Crocessor mode,
followirg Ilimics:

1. access far 2azh procefsor mode can ‘be read/wrize, read anly, zr no
ATC255.

2. If & processor moda has read access then 3]1] more privileged modes
aiso have read acgass,

3. If a processor mode has write access then all mose Privilegad
moces also have woite access.

‘Thia protection codes are listed in Table 2-5.

i-iE



Tzoie -6 Praotection Codes

. code
decimal binary

—_—— e ww - ———

o 0ood
1 Gao}
i pdlg
1 0all
4 - - 0xEg -
g - Nigy -
B 23114
T 0111l
B S a0t
q 1301
1 © 1314
11 1011
12 . L1104
13 111
11 111

. 1B L1111

Legend:

- = aAp access
R+ rgac only.
AW = read/write

mn

amonic

7
EAT

Cap

L
BW
ERKW
BER
SW

SREW

SRKW
g8

URSW

oo R

UREW
URKW
uR

o Hoi

Harne ]

Exacutive
Buperviscr
User -

-

current node .
H B 3 4

—_ - -

-

a = .- -

npredicrable

‘RW - - -
B - ™ .
Ew RW BW EW
AW ORW - -
Ra R - -~
z R - -
AW RW RW -
EF# R4 B - =
e R R -
= "R 8. -
RW. R¥ RW R
B RwW R R
EW R ' R R
R R R R
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no access
ragapryad

gil acress




ARCE I T2CTUIRE

£.7.4.3 Length Viaolgtion -

Every valid virtual addrezs - 1ie him  bDowndsg

: : ) = H o omersrmiped by the
addre=5:nq region (20, PL, or Svszem! gad itz azsooiated lengrtl
zacigzer (BPILR, PILR, or SLEI, Vizrtua. addresses +kas ars ourzide
tihese bounds will cause 3 lengrh.viowlaklon.

£.%.3.% Access Jontrol VWiolatise -

An acecess zontrol wiolasion fault oocurs - If an iilegal access  is

a*tﬂﬁptﬂd as determined -y the current BPSL mode and the page's
protecnion Ileld, or iI the address causez a3 Iength vielation.

-

2.%.3.3 Access Across A Fage Boundary -

If an actcezss 15 made across a page boundary, the order Lo - which cthe
pages  are Jceowsged 13 wnpredictable.  However, for 3 given gage an
acegss sankrol viclatias alwvays takes precedsncd over a . trasslatian
not velid. c '

Z.%2.4 Address Translatian

Thne sction of transzlating a virtudl sddress to 3 physical address by
memncry  management (s conirolled by the setting of whe Memary
Hara=enert Ensple (MME) biv in the MAPEN cegistear. Hh&n MME i & 3.,
memory mepping disabled, bitSfEQ Ad= of the virtual address become z:na
ohysical! address and tkere i5 no page proteéctian.  THis means that all
sccesses are &llowed in all modes. When MME i= a 1, memary magping
€nabled, address translatian and access  conetrol are on and  the
groceszor  uses the fol.iowing to derermine whetiher an intended accassg
is allowed:

1, The wirtual agdress, whnich iz used to index a page rtable,
2. The lntended access type {read or writeld, and

3. The curreat privilege level from the Frocessar 3tatus Longward, o
~arnel laval for pace bzale mapping refersernces.

If the aczess is allcwed and the addre=g can be mapped, the result  is
the pnysical addresa coarrespondisc to the speciiled vwirtual acdress,

The :-n-eaded zsce isg READ If tne operation 'ta e gerformed  is a
cead. The intended access ias WRITE Lf tne aperation to be performed
s a write, If the zsperaticn to be performed s a modlfy {:zhar  is,
read Iollowad by writal the irtzaded zccess 135 specified ag a WRITE.

il

i=Zd
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*f ar opersnd is an address cperand, then no raference 13 mada.. This
means e page deoeg not need o De accassible or ever exist.

2.1.4.1 Page Tabie Ertry {PTE} -
The MigroVARX 78133 CPU uses a Fage Table Entry {PTE) to transla:e
virtual addrvesses to. physical  addresses. Tha page tasle eatvy is
shown 1p Figure 2-3%2 and described in Table 2-7. : .
130 ITI5TTI423 22 2100 : 1
LI R A O L v i il N I SN N TN S N I N
V| PROT f"-'!}ﬂ- N ] PEM .
R B E S G YO O OO0 0 00 O O S I OO0 A 02 W
LY
[ELNST.T: ]
Zigure 2-30 Page Takle BEntry
Table 2-7 Page Table Intry Bir Descriptian
Figld ‘Bit Pescription '
'S i valid Bbit - Governs the wvalidity of the _
' - modify (M} Lit and the pace frame number {PFNT
field. W = } for valid:; ¥ = & for not wvalid.
PROT - 30:27 Brotezvion field - Describes the protectisn
for rthe page. This field {5 alwavs waild.and
15 used py tike hardware even when ¥V o= 1.
M 26 Modify bit - This bit is se: (= 1) if rhe
' - page has already beesn recorded as modified.
M = 0 if the page "as not ‘been recnrded as-
modified. . Uzed crly 12 ¥ = 1,
Q i Must be zero.
W 24123 CQWner nits - rekerved,
0 221 - Mus: be zeTo. i
PPN 20:00  Page Frame Numbsr - The Lpper il bits of the

physical address of the Dase of the page,
Lxed only 40 7 s 1,

£=29
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2,4.4.2.1 Proneciion Check Before Valid Check -

The page table entry is defingd as kavirgy a walid =ir rhat cnley
ceairais  thae walidity 2f the modifvy kit ard pace frame number fisld,
The proteccion field is defined as always beirmg valicd anéd  is  checied
L s

Lirse .,

2.4~41l.2. Changes To Page Table Entries -

The GQ&ratinq syster changes 2TES as part of irs merory mTanacemen:
functians, For example, MicroVME sets andg clears tie wvalid bit and
changss the 2FN field as pages are swapped in and our af physical
MeTOrv.

The soitware must guarantee thak each PTE is siways consisztans within
icself. Charging & PTE gne field &t a time may result in incorrecr
system operation, Ah  example would be to set PTE<Y> with ane
instrustion before establizning 2TE<PFN> wizh another instrection.  An
interrupt routine hetween the cwo instruccions could use 5  wirtual
addrazcs that wiould be mapped by memory managemernt uzing tha
inconsigtent PTR. Software can solve thig gproblem by building a new
PTE in a3 register and then movipg the new PTE to the page table with a
single instruction guch as Move Long (HOVL).

Multiprocessing makzs the problem  more  complicated, Another
grocesser, ke 17 ancther CPY or an 150 pracessac, zan tefsrence the
sane psge tables that the Iirst CPU s chargiag. The seccnd procassnr
MUST alwayse read conzistent #TIs. (o orcer to guarantes this, firs:s
nogte that PTES are longwords, Llongword=-aligned., Then two reguirements
rust be met: ' ' .

1, Whenever the software modifies a BTE in mora than one Eyte, 1t
T uge a lengword, lengword-2al igned, write-desszinatian
instruction, suchk as MOVL, T

2. The hardware must carantee that & longword, longword-aligned
writa 15 an 4tomic cperatzign.  That is, a second pracessor canoot
read {or write over) any of the figs: processer’'s partial resulks,

d,1,4,2 SHysten Epace'ﬁﬁdeSﬁ Translatign -

& virtua. zddress with bilzz «3L:30> = 2 ig defined as in address in
sy¥stem virtua:l address spaca.

Systenr Virtiedl address spacs 15 mapped by the 3ystem Page Table [5pRTH,
which i3 defined by  the System gase Segiscer (5BR) aad the Syszem

Larngthn Register [SL#), Ffigure 2-21. - The ZER cantsins *th= Lase
pitvsical address of the the Bystem Fage Table., The SLE conzaians the

2 -
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size of the SPT in lengwords, thar is, the sumber of Pags Tatle

jEntriéE.“..ThE Page Tabie Enctry addréssed oy the Svsten Base Register

mand the Firsy page o systenm flrtdal address spaca, That-is, wirsua.
byte &ddre:s SEA00NY) {(hax,

Tigure 2-22°

_ illusirstes the translatiﬁﬁuﬁf'n'aysteﬁ virtual asdress za
a pnvs;:al ¢+dr s - . - ..

3.

The a‘gmr1thm kg genera e a phys*ca* address {from a . system ragicn
virbual address is: _ C .

SYS PA + (SPR1TSVA<29:92 <30 00> SVa<d8: 80>

at3ze ) 02 0705

1 LA N A 1T I T+ T T e T T T T A
e, - FH"I"m'l.ﬁ.i. LO%OWORD AQURESS OF 5PT I1MBZ :GHA
L - N I i b 1 ¥4 1 1 &4 ] = ] ¢ L | 4 | 1
- 31 . . a2t '_ : 1|
- B TI1l iy T—rrTrrrTrr T T
WAL LENGTH OF 58T i M LONOWORIS dLR .
LU W Y I N T ) I T T L TR O Y. O R I A (O L S T A I T
EEVLRRT

' F1qure 2-2%1 Eystem Mapping Registers
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i 2,22 G100 .E
LI D A B B | T T T T T T T T T T i T ]
| AERAN .
et L S T - J A Ll
. ko . _ o S -
Cat ’ ' 3160 .
LI D M - By A B S - N BN S I e ke b my B S e a —
ZeR: PHYSICAL 3A5E ADR OF sA+ g

C ST N O, TV S . I, N S T T OO S T O M o A T N N |

LU

as 77100 [
FHRLIN A T e A B A Y L I B S N B A D | k
o o . FHYEICAL AQA QF9YE : o
NN S N O 0 Y N L. N, Y O I Y DO A T O O O, OO
SETCH -
4130 2120 : . oo
_-_I'.'f':TrIJ r I T T"Frrrrrryrrrirr-1—1 o4
FrE | . : PR
I A I I B LU T Y Y O I, ) O O Y I O I I O I S

UMEDK ACUESS THIE ALCE5S S=Eow |
M OLRAENT 0 E
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Figure 2-2¢ System Virtual to Physical Address Trarsla-ion
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£.4.3.3 Pracaess Space Address TransLEtiﬂn -

5 in The process
o Two equal 3ized,
r-T.

A wirtual address wizh bit-<3i> = 0 is n . addres
virtuai addregs space, Froc2ss space is dtv;ﬂed in

separately mapped regiohs... {f virrual address bit <«30> = I, che
sddress is in recion PO. IZI wirtual address bit <30» = 1, the addraess
iz in regiom Pl.. ' o T ' ' '

c.4.4.3.1 FJ Eer =]y ndﬂresa .ranﬂ.atiﬂﬂ -

The Pu'*endﬂn aE ﬁ1r+ual ﬂﬂdF!ﬁﬂ space  is mapped bv the FF Page Tahle

{PQET], .ujn:ﬁ i defingd by che PO . Base Registar. [POSRY and the B0
Length Reglster (PILER), Figure g-23. The PUSR cont2ing ihe =ysted
virteal addeeEs oF thﬂ pd Pageé Table, The PLLR zZontains the size af

the PRPT in lenhgwards, that is, i tuMber of Pidgé Table Zntries, The
Fage Table Entry addressed by the POl Base. BRegister maps the firac page
of ‘the Bl region of the vlrtua. address gpace, that is, wvirtual byue
sddress 4. -

Fidure 2Z-24 iliustrazes tHe zranslation of g PO virtual sddress to a
ahysical addreqs_ : . .

The algorichm zo generate a phy tcal address from a PO region wirzual o
Zaddrﬂss P - H SRR

BVA BTE P”EE+4*ﬂTﬁd2§"
P*E A LGER+ L *PYA, ?”TFEQ Pz ;00" PVA BTEQB ;DD
Dﬂﬁc PA 2 (PTE PRI<ID:00-"PVA=02: 00>

J130:28 . 001 ag
P L LI P S L L o B L T S AN A e
¥ SYBTEM ViRTUR L LONGWORD ADDAESS OF POPT MBZ| 0B8R
1 L L 41 1 3 J4-ir 31 411 b Ll e L L] :
31 ) = H _ - [T
LI D I D A B N | rr1r 1 T T FFTEPFTTTT]T -1 1
MBZ © o LENGTHOF POPTIN LUNGWORDS - . | PORA
L TR T N OO 00 200 N O W 0 Y Ul O G W O OO '

L ERTIE

-

Tiguee 2-23 - 2D 3eg;:ﬁ Mangping IEgisLecrs

o s a M aa o oo g " L.
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3117328 - 206 . -qn
Fa. . LI I A L U A e T I N B N B B e r 1 11 7T 5T
IPROCESS VIRTUAL a gyrs
AGLAESS] 1EJL|x|r||..|-1L|< Ik RS A N SR BN ¢
i EXTadeT g : i
| ChECY _FHGTH i
| : i:
31 . 23 ?? o - L
1T LI T 1 LA L N L L L L D A T ]
c nl 3
I L5 1 ¢ Ll E TP - N T, AN O - L PO - A LA E
i S 3
g 01 0 [
=1 | _I L L L L L L L L A e B O e il
FOBR. ; VI VIRT BASE ADPF OF 20T . ' i o
. ] L | S N T Y OO N A0 S U U - PR SO O PO Y | |
. FIELDS . '
ar : : 0T 0o
T 15 1 | L L L O I
. . SY5 WA TRAL ADA OF FTE _ . in
, L d..L e 1 .4 X = 1 .1 1. % 1 &£ 1 ¢ | 4 4 dod L L1 2 .1 l
FETIH E¥ G¥STEM SPALE
TAAMNELETIOR, o SR THE,
IR LIRS LERIG™H AT
EESMEL ON0E ALCERS SHEDKS
3t 2120 oo :
. LI I R LI [ L L e L e L L L | r '
FTE- 1 _ FFi _
il l..1. .11 L.l L [N N [ (N S Y TN S [ [ e |
CHECK AUGESS | T5 WECESS G4BT Y
| ’ 1% CJRAERT MGDE
i .
{9p R o 0B v L [1.9]
L L | L L L L - F L E T T IT
PEYEICAL ADR OF DATA: :
- I I " I I | La L 4 r 111 L g o & 1 1 ] ]
WH 1R
Figure #-Z4 E{ Virtual to Physizal addresz Translarion
Z.4.4,3.2 21 Hegion Adéreas Translation -
The PL treégion of virtual gddress fpade is mapped 2y the 21 Page Table
(PLPT!)., which 1= dsliined by =he Pl Base Degigear (FL3R) and the B
Lergth Register (PLLR), Figuze 2-2% Secaysse Pl Space  grows  towards
smaller sddresses, and CeRstause a consistent hardware interpretation of
tne bkasa and lengTh r2gisc2rs 15 Jdesirable, PLES and RI0R desccibe zhe
oortion 2f P space thar is NOT accessible.. Ske that PLLR ooranains
the number of nohexiscert PTEs. FLER zontair2 the svstem wirTual
addraza of what woule ke the PTE for she first gpage of Pl, thao i=,
virzual byre adofress 40000005 (nex], ke addéress in PLBR  is naes
neressAari.y 3 wali1d svster wirtusl address, but all ehe addreozses of

TR must D

L P P S N S p——

wvalid system virtual

i e e e e s o e e e —m b

addresses,

.\,
-
fi]

o S R 5 AL T 5 o o e s o i o

BT T TR r—
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‘Figare 2-76 illuscrates the 21 vircual’ address to physical

addrsss
-traﬁslazinn. :

The slgorithe ta -gene“a._& A D'I.E-E'. sal address frm-‘ﬁ 4 Fl Tegion
address is:

A

PYA_PTE = PLBR+1*PVA<II:03> -
FTE PaA 't_*EE%v4*PUa PTEﬁkqsﬂﬂﬁlh 20 00" 2VA BTE<G8: 00>
. PROC _PA = i=Tf PﬁJ#aD OE»"PYA<O8 80

- a2orod
I_ LI IO IO N A I N DN N VR A R S T | | r I 4 1T 1T 1T 11 [ :
. SYSTEM VIR TUAL LONGWORES Aﬂﬂnﬁaﬁwur ln_az H1BA
LI I I Y I B T T e e I | - R T L T T R I I A 1
oM LEEARE : o
TP T Frre _'._|_L1-:_rrr!—|'r-.|. LA R i
MEZ T -ENGTHQFHFFW anmm#na ‘F1LA
J | I P Y I | ! 1. | F'I i J j_j_ P T - I | 1 -] L |.1 £
’ ' ) =191

Figqure 2-2% Pl Region Mapping, Regissers
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213079 g . .. .
oy A L L L L T s i T O e i
IPRCEEEE WIRTLAL 1 : EYTE
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E«TILAGT ANC '
CHECK LENGTY _
; 31 2123 o 0zlo00
T =TT 11 I T B e i = r T T T T |
G o ;'
| L i 1 5 ] L . | 4 b+ 4 I N, N O A 1 i
AL E
31 J104
PN I I I T B B I I I il s S
PIER- : ; T BYBWVIRT HASE ADR QFAIPT ' ' é
o () P TR T N T OO O - S S S PO S T R B A B B I A
YIELDS
<l 041 24
TT YT T T T T T v P T P e T T e T T
L CEYEWIRTUAL AGROFPTE. 0 .. . .. |G
=J:|!I:I-'r_l'I'I_]III‘"_IIII'I;||||||' ]
FETCH BY 3¥STEM SPaLD
TAANTL & THIN SLGERITHR-- |
MG LUDING LENOTH AND
KEFMEL MONE ACUESE CHICKS :
3130 1320 1 E
LUNLINE S I S A B B S B A i B B B |
FTE: i - . . i T PFM : I
AN 0 - O Y A O A R Y B B B R S S O B B SN AT I |
CHFSK AGUEESS - TH' & AGLES: GMECK !
: M CURRENT WDLE i
2 {508 nn
I N N A i R - N N N A A A i ok N N B B
PHYS:CA. ADR OF DATA: )
I R R T A I N O O O O O T I I A I B I B R Y
raY :1g1a
Tigure 2-26 Pl Virtusl! to Physical icdress Transiation

2.34.,5% Translstion 2ufifer

In oraer o save actual memoacy refsrences when. repeatsdly referencing
pages, the MicraWAX 73032 CPU has a fully assaciative, eight entry
trans.ation Dbuffier rthar <conka:ns pige table enzries  (#7E; fcr
successful  wvir-uai address translaticns and page startus, Tnis puffape
nelps to gave memarcy references wien repeatedly rafesencing the  sace
pagas, Conrrs. o the  trans_atien Buffer i3 done  through  tws
registers: the Translazion 3uffer Invalidste Single (TAIS! regisgter
gnd the Traansliarion 8uifer Iavalidats Al ITHIA} —egizear,

When the process fantgxs 15 loaded using tre Load  Process @ Cohsext

(LOPCTH)  iastruzcion, the =rans_ation Buffer 18 dutomatically updated

fthnat 15, The pracessE vir-ual addres: crarsiations  are  Inva.idatadd.
238
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However, whnen software ohanges any pare af a .valid PTE for the syYstemn
ar current process E&giﬂn, it must invalidate any +translatior  huffer
aptey by moving & 0 virtual addr-ess o the Gﬂrresp:*ul T Fage T the
~TRIS regigster, Section. 2.4.5.1 gives a. ﬂ&sc"1ptl o0 2f she CTBIS
“reglster. : BRI : : : ' '

e R A

1

Whern sofrware “Hangﬁs ' syﬂtem Hage taole Entrj thit mapeE &0ty part
the gurreat pracess oidje cdple, a1 transiation tuffer entrias for -l
affiected orocess pages must be  iavalidated, Thi can be done
roving an  address Iin- zach of che affected naues into the ”EIE
register, or by iavalidating zhe eneize trarslazian buffer by movine &
0 i.*ﬂ the TAIA “eglster. Bereion 2,21.5,.2 gives 3 description of the

ot O
-3 h

Therefore,

The tfans4a:iﬁn' quffer - dees  AoT CSoore iﬁual“d' BTG,
vifer antries when

software 1s5.not raquired to invalldate cransiacicn b
-making changes for .PTEs that ars dalready invalid.

B, -
[ |

Wher the locaszion or the sizé of ths system map is changed 1SBR, SLKEJ
he encire zranslation huffer must De cleared. :

Whenever memoty mdnagenent 185 digsbled (MME = 0} the contents of che
trarslazion buffer are uanprecictsble,. Therafore, before ananiing
TRmOTY MEnagement az ‘processcs imitializavion time; er any oghec bime,
the erntire cranslatien buffer mus: be cleaved. This is done by moving
a 0 into the TBIA register, o e . o

.-

7.4.5.1 Transiation Bufijer {nvalidats Single Register -

The THIS regist2r is used %o iavalidace single BPTE entries  in  £he
rraralation puifer. ‘Thia Ls done by sysrem safivare writing a virtual
addrass inko the THIS regliter, Figure 2-37, The MicroVAX -TBIIZ {£PU
will invalidste cthe triaslstion. buffer satry that maps the page in
virtudd memory-accésssd by, Lhe uirtual.addreas written into the. TSIE
"'E'EHEtEI'- ’ i

3 0
LI I I DR (- N NN A N T I B U Bl Il S I vl S el R - B |
VIATUAL ADCRESS- - - TB:8
S I I Y T I Y [OPON (NS TN O N ML W Y O AL, G .
LU By~
Figure 2-27 “ransliation Bulfer Invalidaze Single Recister
2-37

e . . [ N L Y Y S . S T
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.43 Translacion Suifsp Invalidaze Al Register - .
The TBIA regiscer 1% u$ed to clear The entire rrans.acion bueffes By
invalidating all ke BTS's in tbe.tranilatlﬂt byffe=-, Tris is dons oy
softwares moving a 0 inzs the 0 irco the TBIA register, Flogurs - =28,
When a3 0 ils written “pco the THIA regis-er the MicvovVax 73032 CPU wiil
invalidate ail the PPE's in the -pansiacion ﬂLILE?.' ' - '
a1 i : co
FILI.I'[ITII'II[TnII!|I.|IIIII|'1_
MBZ TalA
NN N T R N S U N NN S T O A N N N AT V- I PR A B BT RO
T wdil riage

14

re
i
H

Flgure Z-33 Trarslazion Buifer Invalidate ALl Reqi

2+4.8 Hemﬂry-maﬂagement Teults

Two typ95 :f fau.LE are aszacisted with memﬂrv mdpp11g ard pratnr lons
trarsiarion not vaiid and sccess zontral wviglation., 4 translaticn .nar
valld fault is takxan whea a read ar write refercnce is atrempted
through  an  invalid 272 (PTE<)l> = 2. An aczess conirol violatian
fauit 1% ksAen when tha pr:fﬂtri.n field of tke PTE irndicates that the
iitanded page reférsnce in fhe specifisd accezs code wauld be illecal,
fote thav thase two faults have- separste veciors in the svstem contral
Eloci, 1t ‘both access control viokacion. {ACY: and rransiation nat
vaiid: NV faulss secur, the access coatrol vialacion © Faclr © taies

‘precedence, - - An access  control viclation favule is also taMen if the

virtual acdressz -referenced is bevord the ead of the associated nage
able. Such a  "length wiolatien" {5 esssntially the saine  as
H&Feren_ihg a 77% tnhat specifies "Wo Access™ in lts protec-ian field.

Ta  elimirate the aesd o r sonpute the  lengeh  checs, 3 langen
viclarticen indigation is stored {7 tas Fsulit paramerar biock, Tar 3
descripticn of —he fault parameter block refer oo Sscoion 2.3.4.2.

2=135
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2.5 EXCEPTIONS AND HTEHHFF“E

"At certaln Times du irg the mpEraflﬁﬁ uE ¢ System, eve

rez wiethin the
Lystem “equh_e the e@xecdrian ﬂ particelar pleces of zoftware cuctside
“he axplizic Flow of canfrel.. ” The grocessar transisrs contral oy
forcing a2 chamge in the [low Gf cortrol from that eax pli:Lt;} indicarad

in the :‘_!I""EI'I.'I‘_J.JF e;;ec.uulrlg process.

‘Bcme cf the svents. are- fElE?Eﬁt grimarily i the currently eke:u:inq
frocess,  =2nd normally’ invoke Beftware Lw the copeext of the gurrens
process, The na:iFicabtnn af such events is termed an exception,

Crher evencs gre prlnarti yofele¥ant o other . processes, ar to  the
systew as a whole, and  Are therefore serviced in 2 system-wide
szhtext, The nacification-p¥ocess far these  events 15 termed an
interrups, and ihe systefm-wide context iz described ag "exeguting on
the inrerrupr stack" {TS).  Fureher, . soms interrepes are  of auzh
urgenscy thar chey requive high-priosrity gervice, while others must be
synchronized with ‘independent. #vsnts. T9 .meest these needs, the
processcr  has  priocity  logic that grants lhtefrupt sarivice to the
highesz: pribricy event akc any poink in time, .The priority associsted
withn arn interrupt s termed its interrupt pti ur1,f-_evai {IPL).

: 2.5,1 Prmc953nr LFtEfFuﬂt ﬂrx¢r1tf Lavnln AEIPLY

The v}ﬁ arcﬁztebt:re has 3% 1%&& upt-phlﬂritywle?als' {IPL1, © div
intg 19 sofzwate léavel s-uruMEErEd in rex, Gl to OIft, and 1é hardwvara
levels (10 to 1F, hex'. User applizations, .aystet .calls, and svstem
services .aLll  runt gt grdcess 1ével, which may Se-tHouwght 5f &s [PL .
Higher nuwnkered intercupt levels have highar prievity,- that Eg,. . 3ay
requésts at an interrupt level higher tRan thevprocessar's cufrant [PL
will imterrupt lomnediately but ceguests 2t & lower or egqust lavei are
delerved. R

The irtarrupt levels implemented 5y thée MizsoVAX 78032 CPU are -listed
in Table 2-4. ' '
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Tanle -5 Intarryps Prioplty Levels
I7L levels {hexl interrupt condition
1 shiesed
= .. .. - - PAAEL asserted
18 -:i0 - . uriased -
T - . THEQET> asszerted
1 : cNTTIM  agserted
1g PRI IRQ<d> assarted.
o 15 . - : <L> asserted
SR 1 : R - PR assected
10 - 13 : urused . : . :
51 - OF - : software interrupt’ rEQUEese

2.5,2 ProcessSor Staros

Wren ar exception or an interrugt is serviced, the processer  staktus
nist be preserved 50 tnat e intsrrupted  process mey continue

norrally., his 15 dome by automaticalliy saving the Frogram Counter
(P and the Proceszsor Stsatus  Longword  (PSLY. Thesa are lager
- oeregtored with che.. Return from Exception or - Iocefrupt . iastTuction

CARELY.  any other scatus reguired to correctiy resume an interruptabcle
-ifstructicn 1s stored in the ceneral pegigrers.  Process ogntext o such
a3 mapping . infarmariaon i3 not saved o restared on Sash irterTUpE.Or
grcention, Instest, v -5 saved and - .restored  oniy  when cpracess
| Ccontexi switching 15 performed. . _ - Ceel

E

2.5.3 Interrupts

The DrOCESESE 4rbitrates IntTerrupt  regquests acc:rﬂinH k3 grigrihty.
Coly when the priocity af ar intercupt régquest Ls arestar than the
current IPL (bits <320:1e> of the Processor Sta 45 Longwordt  will  she
DEJCESSTE raise the PL ard s “”1c4 the Interripkt cegues:t. The

“tﬁrrupf service roucine I spntered at- kthe IPL af the nterrupgt
ragLuest, or #t IPLLT 11 The wecior supplied oy the lnferrupcing device
nas bin «<03» = L. :

Irnpersups  reguests  2arn come  from devices, zngrollers,  ov |
srosesser iTsell, Setrware egxescuting  In kerrgl mods Zas raise and
LOWer the priority 2f the processor oy sxecuting WT2E seo, 2220, vwhere
ITC contalns tne new priority desived.

[
|
=
£.J
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The';raCEESQ:-sa:?ites_;qtﬁrnugt reguests between  instogcstions. The

rarassar - also services  ipzerrupt  reguestzs  at well defined points
durlﬁg che sxezution of long, - iterative  ingiryorisns such. as o ohe
" grring . ingtructions.  For phese instructions, an ﬂquI S0 Avoid Ssaving
additisnal instrusstisn state in memery, ing e rrupLe - initiated when
Che iastruction stater ©an be comples elv cont axne* _n the registers,
25L, aad PC. '

The followling eventns cause interrunts:

i . : - ; PR : ———— .
wig 0 incecvips from-a peripheral cevise recelved an Lﬂuﬁﬁ.Jﬁ LIPLLY  "to
iT hex! : o o T : . :

GALT non-mas«ablel

ol
+

3. Power fail {IPLLE hex!

2. interval timer (IRL1IG hNex)

- 3. Saftware intercupz invored hy HT?H Sré, #5812 HR {IPLﬁ‘ tg JF hex!

&. .AST dﬁllvE“f When BET FEEF“TEE @ BBL wi tH mnée _greateu Ehaw ar
&Hha- 3 ASTLVL. [I?r EE Rexl. L Co

Zach. ﬂeu ce has a separate 11tetrupt vpetor loggation in tie spstem
coertral  Wleck ((SCBY. . Thus intarrupt service fousings do not ‘feed to
o ll d@u1c&5'in ‘orier to dete=mine which device interrupted. The
vestor address for ezch devicé is determined by hardware. '

In order to reduce -interrupt overhead, no memsry WARpping  iaformaiics
18 chanoed wxen an interrupt occu?s, . Thus the ingcpyctizns, data,:and
contents of the intarmmpt vedtas -Tor an iaterrups service routine mgst
he in the svsnem aduteaﬁ s0gce o QEEEE“E in svery process &L ThE Same
addres=. :

T.5.%.1 .Urgans [nterrupts -~ Levels 1A-1F (Hex! -

Txe VAN arohitecrare has -9 Coriecity  levels faor use by urgant
conditions  1asluding sericus Ervors (e.g., machuihe check! and pover
faii. Inrerrupts an thege leavels are initiared by the processss  upon
detesrinon of .certain. conditiocs, Scme of these conditions ars oot
interrumts, but ace exceptichs that &aos Tun &t [PLLIF ifhex).

2.5.32.2 Device Interrupts == Zewels 10-17 (Hex! -

LKl

The YVAX Architectule mas & prieciey levels Jor - use oy Eper.phetal
Gevices, O these B pr;crLty revels the MicroWad 73032 C990 implements
four, levels 1% _H_nLgb 17 lhext. The pracegscr receives devics
Cinterrupr regu@sts via [Agfi:us and THLTLH,

~ 41
ST d L

TLRE
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2,5.3.3 Softwdre Generated INtervupts -- Leyalg -0l-fF (Mex] -

T interrupt levels far use By daftware, These

L
hraugh O0F fhex!. Thede interrupis ars “Eed oy s;q £
T

‘Zaitdars Lo qen sortware contedlled 1nterrupra.

2.5.2.04% Intercurt Control -

Tne hardware -intarrupt system is cefitrolled by the - TEQ<I:0-," HEALT.
PWAFL, and THTTIM inputs zo the Proc2ssss along with throe’ ng15tEFE.
Asserrcing an ©f the inpuc pins  resuits  in an  intercupt. being
generated a tne nardware level given in’ Taple 2-8, The tHraea
registers are used eo control the softwara IRTETTUD: SYSien.

ﬂ.l
04

gk

2.

LT

«4.4.1 Sefrware Intervupt Summary Register -

-The Software Inierrupt Summary Hegister {SISR}, .igure =23, is &
privileged regisecesr " rchat records  pendiag saftuar interrupts. it
cantainsg 1's in the bit positicns cnrrequhdJHc ta levels ea which

sftware intearrupts are pending. ALl such levels, of course, must ke
Lower than the cur-ent processar IPL, or the - processor  would  have
taken the: reguested interrunt ' ' D

=1 . : L 1815 . .o
, T FENnnw‘sarrwnﬂaleeanPrs
il g s a1 br g 1FEDCiBs 08T E,G,4, 3,7, T

EIEH

Waz

Sdp- g

Filgure Z-Z9 Soiftware Inserrupr Sutyndry HEeglster

2.5,3,1,2 Sﬂftware-un errupt Reguest Reglstar -

The soitwars in:erru?t request reg.

ster  (ZIRBE), Figure 2-30, iz &
wrize-zaly cfour bBit zrivileged rEgistar uses  fap meking software

ATErCURT raflest s,

ot e e e e e T T T S R i o e g BTl P, 7 £ TR . w5 5 o 5 —
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31 .- . &

% ol S A A B N TN B T RN el A KON it NN A i e i Pl e A p Y OV . .
. . . 13 ) .
: . T IEhDAED (AECULEST) SRR .
FIY VOO R0 WU T TR TV . SR T W - - T N N R N A B ll"'EI i ' .
' .l - N " . A1 PRCE

Figure 2-30° Software Intersupt Reguest Register

Execuring ®7TPR sco #5IRF requests an interrsupt at tine lsvel ‘spacifisd
By . gooe3ds, Jrnoce & software interrupt regquest ls made, iz will he
clesred by tpe hardware when the interrupt is taken, If ‘Srceds9> s
greater than the current 1PL, the incerrupt occurs befare ex&ﬁ_tjmn af
tha following ‘iastructign. 1f gre<3tl> is lass rhan ol 8gua ko the
current IPL,. the intsprupth will be deferrad UHtL._ttE IFF.LS lﬂwered
to less than sro<i:0s gnd +here is no higher 1EUE-’:N*E.IMP» petding,

2.5.3.5 TInterrupt Priscity Level Register -
Writing so the IFL, Figure 2-31, with the MTPR instruction will  load
the protedssr priority field in the Pr Dgraﬂ'Sratus Longward {2500,
that i3, P2&8L<i0:16> 15 lozaded ﬁ:ﬂm TPLod 0>, cBpadipng  from. IPL with
the MFPR instruckion will read the Processor prlﬁ;at? FLE & feam che
5L, ' o

3t _ . 08 M ap
|5l Al e e et - e A e i i Al e AP N - DO N O N N I ST T
: IGMORED, RETURNS O : RN I L
L .t 1 - J 4 s+ L& L4+ 1 4 1 r 4 ] 8.1 F-" @1 [
PELCZNTES .
' W 1477 .

*igure 2-31 :nterrupt'?_ rity Level Regiztar
Intervupt ssrv.ce *cﬁ,_res mist follcw The ﬁ;scip;:ng'ﬂ: ML lowaTing
IPL chelow  tHeir Ciniziwml o level, IZ =hey '@o, an inrescupt ar oan
;ﬁtermédihtg mEVEl ﬂau id Tsuse che stack nesting b3 bBe Improper.
ctually, a service rouringé "nuiﬁ Lewer zhe IPL I¥ it ersurss <hat oo
1ﬂterted1atﬁ lavelz could Interrupt Mowevier, this would result . irn

uncreliablie code.

i
u
S
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e T 0 e 5

Interrept Examole -

A5 an exampie, assuyme tEhe roce3scr il runaing it ceasponse  to o an
sntercupt  at  IPLY, it then  setyg IPL to 3, and then posts software
regyesis at IPLI, IMBLY, candd [PLI. Then a dewice intersupr arrives ac
IPL1E {hEx!). Final.y [PL s =ze: - back =2 IPLS., The =eqguence of
axecyution L3 - ) S S S A e
State after avant
IPL inm
avant iFL SIZR PEL on
{hag! ‘hex) S5t ach:
Lirbtiall 5 g £
MTPR %3,#1PL a. 1 roo
MTER EJ #SIRR ! a ) .
MTPR #7,#5IAR , . 8 a8 . 0
CMTER %%, 351RR inter: rupts ko 9 48 8,0
device 1nterruprs o ' 1e 88 9.6,0
device sesvice routine REI E 53 2,0
IPLE service voutine REI B 53 5
MTFR #%,#IPL changes IPL to 5 . :
and the reguest for 7 isg :
Franted immediarely 7 .8 z,. 1
IPLY service routipe REC : ' B 0
tnizia: IBPLE service roytine
RET pack o [PLD ard :the
reguest for 3 is granted
'ﬂmediately 3 i G
TPLY service rcutine REI C 3 -
2.5.4 EBxceptiong
M3t excepzion Services rautines execute at BPL O is responze <o
sxzeprion conditions caused by software. & variation from this are
serigus system failures, wiich ralse e IPL to the highest lawsl (1P,
nExk T minimize 2Jraocessor intarruption until o the probleam s
carrected.  Sxceptian service routines gre usually  coded  =o wgod

excaptigns; however, nestad sxsapiichnz can occur,

exseption condibticn chat

r-1
i
i
k=

CLrS
erefiore the DO Zaved
n. th

trap :8 an st i
IRTruction  fhat caused the excepsion, Tk
zathk iz zhe zddress of the fext instrucstic at would
@2 exatyted.  Sof:iware fan enakble and Zisanie
anSitions with a single iastructien. .

T T R T e S A g g I R T R iy <1, Do L 9 Y S S § T = e ¢ m e e

t=e eong  of

normally
SoTe of

.

T o el e e e s e 8 e e 8 2

ATy

.::-_—IE
nae
nave
The rran



& fauls
ard- ieaves the
eliminatign af the fault condition
give carrect resuits. - MNote that fauits do-
AS :F was prios to the fauylted. instrucrtion;
ta allow seatarzting. Thus,

be the sanme a2 -hat 'of a process that was nterrupied arg
ST o ] o . .
At soort is an exception candition shat sccurs during an

lgavimg the
imsepuction
imalated, ar
the opoode of
unpredictakle:

value of

saniat - nécefsarily . be

undene, ATYEr an
the aborted

cETTacT Ly

Instruction.

o destination Ggﬁrandﬁ fi@c'hdihﬂ impiied ope
of -the srack in aanEE ;nuquc+i¢n1

- FE@LﬁtEFE moed s Fiad by ﬂpErEnd.
‘specifiers {or impllied operanda)

specifier

in PTEs  that ~map. destinatian
zould. have been written but
before the  Ensteuczian

. the PTE<M> Bit
aperands
was Cclear

& fonditicn codes
e BSL<FPD> . . .
s - DSL<TE>

Exvgpt whare otherwise noted in the description of
~F

zhe PEL, other registers, and memory are unsffec
The Microvarl 78032 CPU recognizes six  types
surmarized in TahEE'E-B. : :
£-15

s oan éthFtlﬁﬂ condisian t1&t occurs Gy r;ﬂg

reglsters and memnsry unpredict
restarted,
insgruction abores,
Thae

ranrds,

eyaluation

ware ot jfitten.

- ARCHITECTUR.

& l“StIuC ian,

rEglEtEEE and FRINETE ¥ nroa ”DHEISTE”' STaT E Suct rAakE
and restariing tne
I.I.Gi' al':'-' "-."3

hﬂey ﬂn;?
the szate 20 a process chat faults My e

nstruction will
Leave avarytiiog
TESETAre., enaagh

e - Zame

Coingktruc=ian,
guch tha= +the
completed,
the PC addresses
follaswing are

ainle,

‘such as .the zop-

lincluding

coerands, . if the
and PTE<M=>

the abors,
taa,

of exvegtinns, | as
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arichmer.c
traps/faul-s

memnary management
SHTepDt ions

aperand reierence
EXCEDLLONS

-

instructicn @¥ecuricn

exceprions

tracin§ axception

system fallure
ajcaptions

2.3.4.,1

The varlous exzeptions —hat socur as the resuls of

convearsian
vecTor in the SCH,
during the
sottpleted
EXCeRL1Ch ig
after an ari<hmet:c
lists e fype codps

: iegt Ll
itrap) oar
cype |

S S A S T S S-S S S S

Arithmetic Traps/ P

Each
I.EL..L L.I.':t i
pachked
then
xo&oT lon

e i i e i Bl gy i e e m bR e - S

Surmary of Sxdeprions

instances

integer overflow trap
ntager divide by zero Trap
SUDSCYriph range =rap
floaring overilaw fault
flparting Givide by zera
fizating undevilow

Faulc
saulc -

vigianion fauls
walid fauir

arogss Cconkogl
traazlatcion noc

reseryved aﬂﬁrﬂﬂsing mode faulr
reserved operand fault or uﬂﬂ"t

reserved/privileged instrustion Eaul*
emylated irstcouctilan faulit

extanded Iuncrich faultk

preakpoint feult

Erace ftaulz

mendry r2at erosr adovt

memgry write érrar abores
aernel scack not wvelid abart
Interrupe 3tacx agt valid halt
machine check abore

aults -

a0 arismetic

indicates that an excegt:iopr kad
and that the instrucrion
Pfaultd. A code  unigue
the stack 42 a4 iongword.
1 PFlguere Z2-32.

has
L A
usned on
g ahdGwi

Th o 5

R

bl
Tacie 2

Far

=

gperatign ars mutualiy exclusive and are assianed tae same
socurred
[+

e 2B iy



TrPE CODE : Lop

B GF REXT INETALCTION T FRECUTE®

E5L

TEAME A5 THE INETHUCTION SAUSIMG EXCERTION IN CABE OF FALLT

Lo B L LY

'Fiqufe;E*EEH:stack_hftgr Arithmeric BException

Tabie 2-13% Arithmetiic Exceptien Type Codes

type:ﬁude - BXCEPTion type-
i kex? :
TRAPS
‘1 . integer overfiow .
2 integer divide by zZaro’
7

.-EubEEEIﬁ“ rarge
FAILTS
froating averilow

flaating divide by zera
figaring underflow ~ -

AT o

2.5,4.1.1 Iateger Overflow Trap -

An integer averfiaw trap is an excepticn that. indicares zthat the lass
cinstructian  executed had an integer overilew setting the ¥ conditian
code 9nd tnat integer overflow  waz  enabled {IV. set). Tha' rasul-
stored is° the low-seoder uar. ¢f the correct regule. W and 7 sre s3B"
raccarding Eoocne stacad rasult. The rvme code puahed o nhe'stack s
%, Jdote -that the instructiaons BET, REI, REMJJE, REMOHI, HEMITI, and
S1EPSW do not cause swverflegw éven If cney get V. ‘Xlsa note chat  she
IO flcaulﬁ; nc;n' ﬂnst”u:t1ﬁh5 can Tduse integer overfildw, '

i e e e 0 — e m— i — - — o — ——— - — S_—— i e o —— 1 T— o———— — T — - — - o E R —— 8 8
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A flﬂ&flng'uade;flgu'nﬁul - is a
o

g £ e e LS 3 P TR T R TR T SRR T ] A —— e e e WL s T — o e

2.5.4.1.% Integer Zivide 3%y Zeroc Tran -

ates Lhar boe
. The ra=aylt
et, The fype

an integer divide by zero trap 12 an excegticn thar in
last instructicon executed had  an integer zera iiw;
stored is egual to the dividend and condition cade v 1
code pushed.on the stack is 2.

- -
[
-tk
LR
=

.

2.9.4.1.3 Subgroript Ranae Tras --

& sybscript range crap is an exception kthat irdiceres rthnat <re  lasc
itstruction was an INDEX inscruciion with a sulscript wperand shat
fai.ed rhe range check., The valus of the sibscrict opargnd s lower
than tne low gperand or greazer than the high operaad. The result fs
stared in indexcuc, and | the conditicon codes  are  =ert ag i Tng
subscript were within rance., The type code pushed on ths stack is 7,

e uu

LS. x.1.4 Tlogting Owerflow Faule -

A leaLlnq overflocw fault is am sxcepcion rhat indicates that the last
instruction executed resultsd in an expeonent grester than the largest
representable exponent lor the data. cype aiter normalization  and
rounding. The des:tination was unaffected and <he saved cordieion
codes are unpredictable. The saved PC points £a the inateuction
causing the fault. In thke-zase of a FOLY iastruccion, the instruction
is suspended with FPD ser, The cyge code pushed on the stack is 8.

2.3.4.,1.5 Floating Divide By Is2ro Fauit -

A floating divide by zersn fault {2 &n exception that .ndicates thas
the las: instructisn executed had a Eloacing zero divisor. The
quakient operand was cnaifected and <he Saved condizicn codes are
unpredicrable. The saved 20 gaints to the iascriction cawsiag the

fauiz, Tae type code pusted on the s=ack is 9.

2.%3.4.%.8 Tleating Underflow Faul: -

T

irdigxces | chat
anr l=gs -~han
g aormalizar
A LFE gen;

n axceprizn tha
last Llpgtructias  executed r_s;i_e- In Aan-

smal_egr representable exponent [2r the data

and  rouyaging and thart Sloatl ng underflow was sne
destiration sperand is anatfescted and thne saved oo
wnprecictable. Thke savesd PFC fpoints o the inss

fault. In the case 23 & 20LY instructicn, ch
zugpended with F?0 set. The :fype code pushed an tn

T X

i1
!
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'.ru.;uu
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s
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c
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n

i

R S I T R il T o S



ARCHITECVUR]

3.3,4,2 Memucy Management EZxceptions -

The two exceptions  that  goou az  a resslt SI TEmcry nanacemran:
uperations use sSeparate vectars In the 803 but oush the  same
iaformacion snto the stask.  The information pushed on *he staci 1S
called the faul: parameter Biock and is shown in Figure 2-35.

The same paramsters are snored . in rhe faul+.paramerer blosk  for both
types af memary management fault., The first pacameters pushed on che
yerrel stack after the PEL and PC is 3 wirfual address tn2t 13 Lacated
in the same page a&s the wvirsual address that caused the fault. Note
that a process space reference can result in a system space wirtual
refergace far che BTE. Ef che rafeprgncse bo tiae per-procfess BTE
Zaults, the wi-stial address that is sawved the profess wirtual
dddressz and & i 13 gsered in bic L 2f the fault parameter word. The

sgcand parameter pushed on the <arnel staak iz =he faul: paramecer
wﬂ“d ard cantaine inforTation related to che type of menory ClanageTens
viglation, PTE refereace, zod type of memory access (read, write,
=] Ll I Takle Z-11 gives a descoiptiaon of the bits used in zhe Faul:
parameter word,

2 03 ok 01 0

STME WIRTLAL KTLDEESS IN THE FAGLTING FAGE

P OF FALLTENG iNSTHLICTION

PZL AT TIME OF FAULT

R

Firgure $-33 Faul:s Parameser Hiock

rJd
1

i+

[N}

o e — B . B o . 8 <8 e 8- 1 - o - ool . o e r
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2.5.4,2,2

process

cnanging

A Pranslakion

pege taple was not

a page

Takla
Fiald

R

)

T

e

P
]
—

B 1
|
[a]]
k.
-
1
ﬂl
[
[¥1]
LE|
|TJ
|"|:|
la ]
=
[
[
m
-+
!
m
Ln
]
"t
b
L}
-
-
Ik
=1

el el e Bl T i ST S g S T L T

Write or Modilvy Inten: - this bit iz zZes to 1 o
indicare kthat zhe2 intendec access was & write aor
madiEy, This EBiz 12 J if the aregrams incerdsd
Afoess wis a r2ac.

PTE Reference - this bhit is 32t £a 1 te indicate
that the fauls cccurved during the refsrencge oo the
pracess page Table associated with The wvirsgs:
address. Thig Lic car be =e= aga elzher lapnzth epp

orotecti

i3 3eb o 1 to iadicate
_ Violatlon wag e resgl: af oz
1on rather tham a prozecztion vizlation.

Lengsh Yiclation - this aic
rhat an acresg Contpecl
tengeh vialarn

This bit 15 always 0 for a Translation Noe Yalid
Faulr.
Az¢ess Control Viclation Faglo -
A0 acoess control vialaoion {auit is an excepiilon indicating thar  the
actempted 3 referencefo: allowed for rhe access mode at whicn
T.g Drocess was operating, Softwar2 may resrart the procesa afrer
*he address translation nformaticn,
Translaticon Mot Yal:d Fault -
nat valiid Jsult ls  an exception  indizazing that the
process atntempiaed a reisrente ta a page [or wnich the valid it i che
2@, HNote thar 1f a process aztarnrs to refaranss
for  which the page table entry specifies poth Mok valid and
Viemlatiaon, an Access Control Yiclatior Fsult socurs.

AlCesg
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,4.3 Cnerand Refersnee Exceptliaors -

oa
L1

1.5.4.3,1 #eserved Addressing Mode Faulo -

5 raserved addredsing mode fault 18 an exception ind:zcating that an
gperand specifier attempted 1o use &0 addressing mods thaz is not
a:lowsd im the =ziruation in which it ocourred. Mo parameters ars
pushed. :

2.5,4.3.2 Reserved Overand Txcepticn -

A reserved aperand grxsention indicares that an operand gcisssec has &
farmat caserved for [uture uwuse by DIGITAL. No parameters are pusned.
Tnig excepiion aiways backs up the PC to 21t e the aSocode. The
aixTenticn  servise foutine  mTay datermine the type of operand by
gxamining the opcode using the s:ored PC.  Note that only the cCnances
made by instruction fetch and becauvse of eperand specifler evaluation
may be restored, Therefors, some istructions are not rescactable.
These excentions areg labeled asz ABCRTS rather than FAULTs. The PC is
zlways reztored propecrly wniess the nstruction attemprec o moedify it

iz &2 mannar that =esuits In urpreéediZtable resul:zs,

£.2.4.4 Instrustion Executizn EBxC EpLLm15 -

2.5.4.4.1 Ressrved/Privileged [ns:ruction Fault -

A4 reserved/privileged instruction fzult  gccurs. when che processer

-gncountars an  apeetfe  ehat is neot specifically defined., or tha:s
ragquices higher “rlvl.egeﬁ thar the cureent mode. Mo Dparamerers . are
pusheg. Opcode FPEY {hex) wiil alwsvs fault,

2.3.4.4.2 PBmulgted Ins-ruction Faul: -

An emulated ipstruction Ifault coours when an apoods thet has mlicrocsce
asgsistance . far inatrucsion emulaticr 15 encounisetesd Dy the processar.
Caction 4.12 describes misracade assiszance For smulatsd inscrucrions.,

mrRs
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" F'.

u'
b=

2.9.4.4.3 ZTxre~de

2.5,

& breakpoint
‘tnEkrugtion (B

Ta o
rags
F2LS
bres
thriz
in

4.2

Hre

ll

ir

i
2T

[

eed Eron a D;Edﬁpﬂ nkt, a depugge= or t

i
G5 the ori
i thke PSL

E T

d fuastion Fauirt -

czion fault ocours when an cpoode  raserved o b fwe
. al; opfades  reserved o oche user stzrt wilh FC
2 AFC inssrugiisn. No parameters ars pushed en fha
it Fault -

s an excention tha: 2ocurs whea the breskooi-t

is exervied. HNo paramersrs are pushed.

ginal

] Tioing program  typicaily
wontents of the locartion containing the BBT,
saved Dy the B3PT fzulc, and resumes. When the

cinted inscruction completes, a krace exception wiil cocue. At
Iracing program  24an sgein re—ifnsert g BET

ooing, The

structicon, rest

reEsume,. MNotes Aat

(1.8

"-F

ifF P5LeTw

adcention both the

be processed kv the tra

5 Trazing

13 enante

;erfarmanuu avaluar

ona
LT&IC
L

an

=d

imsszruction

are T

to  Ite ariginal state {usually elesar), and

if both tracine snd breakomeiniing are  'n  progress
wds set &y The time 2f the BPT), .chen or the trace
BPT reszoration and & normal trace excep=isa shaould

ze handler.

~2 Irap 13 3n exceptlan that  gosurs  betwesn instructians whes

4. Trazing s used Ior tracing programs, for
ion, ar dszbugging purposss. [t is designed se that

The
*hart

- ard g memory manragemsrnt

Lhe

insrecohisk

=

KCeprians 3

o
re taken is2 yprnpradicranle, The trace
takes precedencs aver all cther exceprions,

A oroer to apnsure that
despite gther Lr

defined o produce

of a2

il

iuﬁrrﬂfflﬂﬂ;

a seignd oDiT (P

excegpiion.  FSL<TPR
The start af the

o e e e o e e e e ey = 2

-

. OR.y One brace excepticn accurs pefore the execition of sach
insktrezbion,

saved PC an 3 trace iz the adéress of  the
wouid normally ke execured. 1
fgult occur simuitanecusly, thea

:

exactly cSRe  Trace ooSurs  cer  JRELruction

pi _ 3 aps  ard  fauits, :the PSL contalinsg cwo oies, -~race
shatle (T) and trace pendirg (TP, Iascead of he PSL<T> bit haing

@ trap alter gny ouher trags or aborts gt che and

the tran effect 15 imglementsd by conving P8L<T: t£g

E 'I_.d'r""l:!__-\.

> gens

r
nexc Lnis

I tha:s L5 attwally used to  gepnecacte -he
2 4 fauiz kefare any cther  process.ng  a-
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2.5.4.E System Failure Exceptions -

Z.9.%.6.1 Hernel Srtack Hot Yalid ﬁbﬂrt -

‘Kerrel stack neot wvalid ghort 12 an excepnicn that indicates  that  che
xernel stack was no: valicg while the pracesscr .was pushing iaformazicn
orta sne xernal stack during the initiatiern of an exception  or
interrupt. Usually this iz an indicartion of a staca overflow or crher
execurive spitware errer. The gttempted excention ig transformed into
ah abocrt etfat uses e  interTyps  Stack, No extra infarmation is
oushed an the irtecrupt atacs in sdditisn tc PEL and PL. Bitzs «<lil»
ot the sxfeptlen wector should ke I, LF thkey are 5. 2, ar 3, the
operacion of the processsr  ig  UNDEFINED. Software mayvy aborz  the
aradess  withour aborting the system. However, Decauss i the lost
informatiaon, the praocess canno: be conzinued. I rhe kernel stack i=s
not wvalid Zuring  the normal exesutisn afl an inscruceion (ircleding
CHME o2r REL}, che normal memory mandacenant fauls 1s irnitiated.

2.8.4,6.2 Interrupt Srack Hot Vaiid Halt -

An interrupt stask ot walid halt 12 an exception that ind:icates thag
tke interrupr stack wa3 net wvaeid while the processer was pushing
infornatisn onto the intersdvor stack during the L(nitiaticn af  anm
pXception ot Lntersunt, u La further intersupt  regquests  &re
asirowladged. The processar ieaves the PO, the PSL, tne 152, ard the
reasen fer  the hale Iin priviileged registers (SAVISP, SAV2C, SAVPSL]

arnd initiates thée restart process, see Saction 2.8,

2.5.1.6.3 Machine Check And Memury Iegad Write Errer Abort -

ror apcrt  indicates  that the
noitsell or a memory raadsvrite
f The excepzion wvectar zhould
s 2. r 3, “he operation of the

A machire check or menory read/write =r
orocessor  derected an internal errar L
mus error (ERA asserted]l. HBits <1l:U0x o
ke egugl e L: if they are sgual o &
pgrocesscr 1s UNDEFINTD.

i
M=J
I
i
e

N

The parameters poshed on the szack are shown in Figur

A R o E R R S AR R S oo o B E—— e B e S o o B S s 8 e s b 8 e ol o e e s s .l e o e T e 1
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BYTE CDIUMT CODGOUGT BEX; =P

A

= MAaliHiME CHECK COCE

MLST RECERT WIRTUAL BGCAS:S

INTEENMAL STatE iNS0ARMAT Ol

FeH-1AIwa

Figqure Z2-J4 Machipe Checd Stark 2asrame-a2rs

-54
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s .

The parametsrs are:

machine check zode (hexi: X
: 2
3
4
&
-
7
|
g
a0
1
3z
33
mosSt recenk virtuaal
address: <3l
intarral stats
nformation: “~28: 24>
<23:20»
£i9r]lg=
<14
=730
P ~31l:z3=
FEL: <3l:0>

& 1

e o e e e e o m o kb 5 e e s s e il e e e i e ' e ek i i i i

CARCH I TECTURS

impossible microcode state (TSD)
inpossible microcode staete (35D
undelined FPEU errocr code ]

a

undelined FPU arror code
undefined memcry Talagement 3Tatug
(THB miss Ilaows) .

undafined memarsy managemsit ssanus

iM = 5 flaws!

Frocess PTE address in BU space

praocess PTE address in Pl space
undefined interrupc iD cade

read bus error, VAP is virrual address
read pus error, VAP is physical address
write bus error, Vi iz wirzual address
write bus errar, VAR 15 mhvsical address

current contents of VAP

reglister
vpossitly fncremenczed by 41

currenT contants of ATDL req-oster
curren: contents of STATZ<I: (=
current sontezars of ALY cond codes
CUYTENT conEtents aof Yax CanT HZSTART
Bie .
delts PL a2t the time of the excapkion
BC a+ zhe star: af =he currens

tastrustien

current contents oI PSL
Z=5%

[ R P S -

e o o e e 2 i e e e o
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&

IxceE
Boch

aAre

diff

=T

£E Concrast Betwead Ixcagtions Anc Istarripes

otions and intarrupts are very 2imilar, When elvher is initiatasd,

the aroreszoer $zatus longwors (PSLY and the ooogram countes LPC)
pushed 2nto che s-ack. However there are séven ilmpartans
Ererces!

Ar. exception condizion is caused by zhe executinn of the =orrant
ins-ruc;:an while an lnzerrupt 15 caused by some activizv un the
compuTirg Systen that may e independent =f the Turrent
irsTruccion. '

n ercepticon cfondition is ugually serviced in =3 Hﬂﬁtex' of =Rk
grocess  chet produces the excepticn cendizion, while an interrup
153 serviced irndepencently {rvom che curreatly tunring process.

[ 1]

ﬁarqEﬁ wiEn Tne processar

“he IPL of the processor i3 usualiy pot C
IPL is always raised when an

initiates an sxzention, while =zhe
intesrupt iz initiazed.

Exception séervice routines usually execite on 4 per-nrocess  stack
while interrupt service rourines armaliy executs an a per—-C920
stack. ’
Enabled sxcepbions are always initiaced immediacely oo matter what
the processor  IPL [s, while 1atersupes are neld off on-il +he
procagsar IPL draps below the IPL of rhe requescing inzerrupt.

 Mogt exceprions Can not ke disakled, Howsver, LI an axceprtion
causing ayvant  osoeyrs while  that e2xacepticn s disabled, no
exceptian 18 iniTldated {er =aat event BVE when erabred
SUDSeguentiy. This includes averflew wnico 135 tne crnly exception
whase cccurreance 15 incizated by a condition code (W), If an
intarzupt  condition occurs while it is disabled, or che orocesgor
is &t the same or higher IPL, the czondition «will ewvercuslly

iniziate an Iaterrupt whern the propes enabling conditicns zre met
tf the condition 18 2till Dresens.

The previous mode field in the PSL is always ze:s to kernsl 2on  an

iuter wpt, Dut 9 an ewception it indicates the mode at the time
i khe excepticn.

- E
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£.5.6 Serigliizarion Of Exceprions and Incerrupts

Tha geguence in which ¢
interryprs and axceptions tak

"

f simultaneosusiy  Socurring

1

!

Machine check exé&;ticn.
& Arithmatic excgpzinna.
J. Console Ealit
i, ’H grrupts at 2 h;qner priority {IPLY than the cucrear processor

PTIOrit¥.
3, Trace [favly {anly one ner iastrucrion).

B. Starc iNSLruction EAECUTIOnR Or FeStart suspended iaseruosion,

]

2.3,7 inltiate Exception CQr Intsrsupt

The following operation describes the ac-ioen  —aken
TBG3D CPU when inizlating an excepticn or in
degeciption of che natation used to describe the oape
Baction +.1.3.

By the MicroWVAX
CRECURT. For a
ratinon refer  ta

Cperation:

tThe notaction PSL<uxx~ 852 L[5 used za refer
'to the 5P aporopriate to the xode xxxg specified
tin the B5L.

tdisable inuerrupbst
Fmpl <- SCB(werctarl: _ lget corresc vector
if tmpl<l:0> EQLU 3 then {UNDEFINED;
if mmpl<l:0> EZQLY O AND (machine sheck ar
kertel stack Aot valid! then {UNDEFIKED!:

P osmplel:0x NEQY T AND {CHMx: zhen [CNDEFINED}:
tf empl=1l:0= EQLU.Z then [UNDEFINED:;
P PELeIS> EZgLU [ thes- : ) igwitch skarks
- begin :
"PEL<CUR _MOLC> SF <- 5P . Fegve a-d SP
tE bmplel:Cx EQLY 1 then
5F =~ [&F;
elam . : )
SP =- new mode BP; tkarnel %7 upless CXMx
ond; B : -

capd <- PRL;
PS'*H-,.P FoR DV RO IV,OT, N2, Y, Cx 2= 33 fclieanogt ESL
1§ ilnterrupt? Lher _

PSL<PAV _MOD»> <- 0; ckernel node

[}
n
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EIER .

PSL=PRYV_ MOD=> <- PSLfCUE_HG33;
PHELIUE MOG™ w- new mnoce; rkernel mode onjless THMX
STSP: <% emp2: - tgn a faul: ar aboro, the

lgaved condition codas sre
_ 'anprediccable as zacued ap
-[5Pt «- PC: PAE necessary

ipush paramerers 17 arvi:
PLE kernel stack oot welid
lexgeotion occurs winilse
‘pushirg tmp2, 2, or dther
tparamerers then
'PSL <- tmpld befars
. L1M1C14T10g eXTegt ion
if {intersyupt: thern
fEL<IPL» <~ maw I7L ‘5T naw [PL
alse -
LE o tmpiaolisds QLT 1 then
: PEL<IFL> =- 31; I {hex:
Lf rmpl<l:d> EQLU ; then PSLISE - 1 ‘ochherwise keep old L[S
o ow- tmplaldla2= 7 Delids; tioagweord aligned

[enakle 1nterru tsr*

if {PSL<TPL> LEQU 15+ AND [PSi<IPL> GO0 1} rhen
BIER=PSL=IFLe> <= 3 felear SISRE bit for
‘sofcware interrusnt
theing irnitiate:d

Mo=- O
-
Z == 4
Ll
oS- G
L = T3

itaterrupt $tack not va.ild haik
kernsei atack mot wvalid shoct

Cescripcian;

Tne handlinc is determined by the zonterts of a lgngwosd vector i tha

zystem contraol  biaogk  which is indexed by Lhe excention or intecrupt
Leing processed. [I the processor I8 not éxecuning on e intertup:t
gtac4, then the corcest stick pointcer 12 saved and the new staci
palnter 18 fetched, The ald P8L is mushed onos the naw stack., “he PO
s becked  up dwaless Shis s =0 interrapt Decween instructions orc oa

—rap!) and 15 pusned oncs the new SfracH. The PEL 5 ser ka4 wrcwa
SLBLe. IaL 1= changed Lf th-ﬁ i an imterrip:t or :f it is an
efieption with verktar<t 1 code L. ANY TATANSTSETE Ars pusned Sxcept

for intecrupts, the grevious Tods in che new P8L is set to che old
vaine of rpe gurreot mode,.  Finally, the 2C i3 charged =z poin e
lopguord rnfigated by che vestor<=3il:Z=,

E b bhe

-

2-a

¥
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Hotes:

-0n a fault cor intertupc.

ARCHITECTUR

Interrupts are cdisanled during this seguence.
If =he wvector=l:0> code is . irnvalid, the behavior i3 undefined,

tne  saved candition codes are
¥ Eaved o the exient Iecessary g
k

unpredictable; they are oni to o
8 ingTructica when resumed.,

grngure carrec: conplesian of b

Afrer an abor=, the ntlDUinq are unpredictzble:

4. Destinacion npe*ards incleding implied operands sush as  the
top 2f the stacs curing a JSR instruccicn.

2., Regigrtars modif

Fiod by o
regiszers mod:fies by ¢

=
rel

= rand speciflier evaiuvazion, incliuding
B ereacing imolied operands.

c. Tondicion codes.

d. PELeFI2D>.

PRL=TH:>,

i

. The page table encry Modify bDit for pages nmapping write or
mocify type aperands, The Modify bit will be szt if the
ingtryction modalied the pace. I the inscrueccion did net
acdify che page, tha Madify bDit is unpredictanle.

N ) |

After an -gbore, the PC pushed on the steck szddresses the
insrructicn which aborted, unless che iastruction modified the BC
in a way thar gproduges urpredictable resules. The  orther

registers, ather s sics of  the B3L, and the rest of memory are
natfected ov an abore.

After an abort or fauvit or interrups that pushes 2 PSL W
set, the general registers except PC, 5P, and FP are unpre
tnless the instryction degeriptian spes:ifies a setting. I
Bl
r

b= |'|'

the desciaation ia this zass, thern it 1s alsc unpredic:a
Z#ernel stack not walid abort, both 5B and TP are u1ﬂredic

[ och H"-f;l--'

If the processor gets an Access Control YViclaclon or a Translat:on
Mot Valid conditiorn while at-empring to Ausn cnformation 2n shae
Kernei 3tachk, a kernel =stack »as valid abor-s is .Lnitiares., Tha
additianzl iafermatisn, Lf ny¥, assoc.ated wich  zhe ariginal
axcepIizn 13 i9st. However, zhe PSL apd PC are pushed on the
“NEteErrupt  stack with the same values as weuld have Deen cushed an
tne garne. stach, and the I[PL iz changsed to L1F  fhax!. 1t
vectare_xd>  for  the dgrnal  stack Apt wvalid abors (s 0, the
operation af the processar s urdsfined,

LY )
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r L

L or

NoT Walia
fitecrupt Stack,
T3P, »C, and
the Yaiuses thas

Tha vy _yg of

TR

= T Iy

i DR
"1I'I:I"|'

.
&
t

ANOrt

Lrap

CHMx

BoT AT

rasapryps

insgrugTion
mhe yva_ps of PO
folliowings

3.

inharrupt

abzer

trag
CAMY

BPT. AFC
raseryed
instructicn

L& DrOCESsOr ges
ardision

the jr;cEJJDr LE halead and 3
b=l
wHoipld A"z

FELaTE> rnat L

Yialatior
LUt

%;“955 Coneral
Lemgrnar

§ an e a

wnile

F e
s

I.L'I

S0

ta ke correce.
Tusnai on the

15 ensured
e hoen

.
L
.
T
HE
-

BrrLoT

F

-t

s*acH 5 a

ki

g3ved on *he

zlkear
zlear
=laar (Lif F7D set])
from 25L<TP» (if afser
Traps, oefars tracel
unpredictabie
[rom PEL<TP>»
from PELCTP>
zl=ar
=lear
thar s saved on the sStack points

nstruction Faulting

ntext Instegetian =5 agarovta

1.8., 1assrustion at the beginninrg
al which the trace fault was taken
ingtergction intervupred or

MEAs instructisn o exssutrs
instruction aboorting ar

derecting kernal stack not valid
[rah ansu-es an nachine check)
nexr .nstructior o Sxagure

nexr LnNsbsuckion =0 a¥ecute

g9PT, XFC instr-yustion

i:

I
L
1
o

resaryed 1astruckilon

a4

INisrmacion on
v ke Scate of
Z5L and 2C
Shach,

ilows:

Trenslarion

e
The
nawve
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2,5,9 System Contrai Block (5CB)
The System Control Block iz a
sxseptions  and  interropsg a3
rocucines.

acla Tongaining tha
=} 1

H Rt
dispatched to she appropriare sa

il

2.5.2.2 Sysztem Conrt-rol Biock Bass (SCSB) -

The aC3BE 12 & privileged register conzaining the physical address of

the Systes Control Zlock, which mus: ke page- a;1gnnc Figure -39,
3+4030 05 98 Y
L L L L T U I e e ¥ 1 1 7.0f i F I
”Eﬁ{" ERvgIEAL LOMIWOAD ARORESS OF 208 (L F-%3 :3LB3
I NS TN A - N IO O T O W T O TP PI TR T L I |
L IR 1E |

Figure 2-35 System Control Black Base Regizter

ra

LALE Vactors -

(1]

A vector s a longword in tne SCB tha* is uysed Dy the processor  when
an exteptlan er. interrypt occurs  to determine how to ssrvice the
event, Tabile 1-1¥ lists the vectors gontained in +he 503,

Separate vec:oirs are defined {or each interrupting device a~d  each
class of excaptions. gits =«=I;4r 9f the vector are interpret=ad8 as
failows )

L7 Service Chis event oo the kasnel stack uniess al=eady renning o
the interrupt stdck, in which case service on zie interrunt g-aci,

=

Hervice this event on che interrupt $tsck. 7 this avenr i3 an
excaption, the IPL is raised to IF Thewnl.

ne MicrovaX TBO32 CPU eptering the restare

2 Thisz code regsulss irn =
ricn 2.4,

DraceEss, See Zec

in zne MicroVaX 78032 CPFY ertering bhe restar-

3 This code i
izn 2.3,

ra
proceIs, See

[ud
|
i
I 1
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Al

Yector

e ) Tvoe

-0 nnu=erd - ' -

! machkile checik arart

LB kernel stacd fot walid aharct

ac ower fail ) interrupt
i regasved/privileged instrustian fanlt
g sxbended Lnscructioe faul=-

L4 reserved osoperand fFaulzgoort
ic teservead 1udre5:i"¢ mocde fazir

e A7ce=ss Sontrol vioclatian : faultr

24 translaticn noct valid fault

29 trace pending [(TPR! Isult

2C brealkpoint instruction faule

4 unused -

34 arichmazic trap/fauls
J8-3C Unle e . -

44 CHME trap

14 CHME : ST

g2 CHMS Irap
1 CHMU ' crap
Th-g7) Lunused -

a ssftware level L INCerrups
g4 saftware level 2 intesrops
BC sofewara leval 3 Nt errupn
q5~BC sofeware levels 4-13 IRLETTUDE
i - interval timer : inter::ﬁt
g} unused - ’
iZd BOUIATLON SLare fzult
=C . Emulat;mn CONT inoe Faul:

Dl -FC unused -

105-1FC adanter watrors* intarrust
S00-37C devige veoLors® IMLereunt
*Used by the MiceaWaAX 78232 C2 ro dirsctly wector
interrupes  Erom whe external bus. The vector i3

determined from blvs =9:2» of the value supp-ied by
eNrernal nardwars If bit <C= af :nis walue is 0,

i r

then the new IDL is {orced-to 17 ftex!. Onlv dsvica
vectors  in the rarngae of 100 =a 3P ihest zhould be
used, Tacept Dy devices emu_afing conssle storade
and terminal devicaa,

ra
1
d

e o . e, e SR Tl SRS L L T R S S LR AT R T L R R TR o [ e e s o g ) R e o e B B It e | T R S
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7.6 2ROCESS STRUCTURE

wosiEk may be 3
r oeddrass space ”
fdWare SONTSXT 1 el By 3 d:
calied the rprocess ceontrol black {PiH}, Mlch contains Ima
geferal regiaterﬂ, the prooessor status longworc  (PSLY,  the
ccuntnr {PC}, tha four par-process ALECH DOlniers, The process

memcty defl ned by the base and Length regiszers (POZR, POLR, P
ﬁ4_Rj and seyverdl minor conrtrol flelids. When a proces
exacpatindg, 15§ aardvware ContexT s . storved in the pDrocess contoal
olock, In order far & process to execyte, e matioriiy.of the 208
TUst b2 moved into SICOCESSSr Caglsters: while & process 15 2eing
execlited, some of 1zs pardware context 13 belog uapdated fnothe
procassar raglsters. '

5 iz nak

Zaving the contents of the privilaged registers o zhe 2CB of the
gurrently executing process and ther ioading § new set of CONLEeXt In
The ﬂrlvileqed_:eqis*ers from another 2C3 ls tersred context switching,
Contsxt switching DETUrE A% JNE process after another L5 scheduled for
2¥Xecurion. -

2.8,1 Process. Contsyt

ke process contrel block  for the currently exssuiing process | is
inted -tz by che contents ot the process control block base (BCER]

ragigzers, ar-internal privileges registar, which Zorzains the ghygsizal

dddress of che PCA, Figure Z-36 stows the PCEE registar.

The process control block contains all of the the swizchable process
zoncext callected into a coapact form for ease of movement to and {com
rhe privileged internsi rEG1 sters.,  Although i any rormal operating

system rtnere iz additional soisware context for sach orocess, =he
£allowing descriotiaon s limited to that parzion of che che POB knaown
ko the hardware. Figure 2-37 shows the PCR snd Table #-13 describes

irs oomEenres.

a1 0EF 062 (1 00
1 rrreorr vt trtre Tttt rnr gy

W3 £ o PHYSICAL LONDWORD ADDRSIE OF PLBE f-.! gz ~CEB
d I N I B . Y N O N T O Y O O

LTI [F1T]

Figure 2-3¢ Froocess Tontrol 31ecd 3ase (PCEB) Aeoistsr

[
|
C
1

e e imn e e o — e = — . b e ] 1 e e = 1 o e e - o 8 o e 8 . B e e . e 5 2 e S e e e 2 e e o
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iy 0
5P ‘P

EEF +

B5P. _ +

5P LR
AG

[ . 2

—_— e

R3 , 18

Ad +37

=5 )

LR T

at +dd

— e

R3 +1E

P

HD 5
AiG ' B

R A R

A 1
! AP GH1Z: -84
FP AT Mg

— —

P -2
FSL +76
POES a0
FOLA 34

e

#"BA ~£4
PIAE faz () | -3

HNOTE: THE PME SIELLD [ JLISED.

RIS

Figure -1V Procass Conzrol Biock (2PCH)

R T e i i mim e . e . e e, e e B P RS Gl R 5o iy e e e e, e o e e e+ g =5 oy i i . o ] = e e e e e B o e BB 2



aRCHITECTUR:

rable Z-13 Description of Process Control Slock

Longword  Bits Mnemonic Degcripeion
] £31:0= . ESP Kernal frzck Pointsr. Concaing  the

Sstack pointer to e used when khe
current access moce fislc in che £5L
i D oand IS = g,

1 231;0x> 55P Sxecutive Stack DPaincer. Cantains
Mg stack poinksr o pe used whnen the
cyurrans access mode fleld 1n the  FSL
s 1.

2 21l;0>  SEP Suneryigor Seack Poinzer. Cantairs
the stack goinder to 98 used whnen che
CUurrent sccess mode fi1eld 1n the  DPEL
is 2.

3 531:0= 5P User Stack Polnter. Contains  the
stack pointer o be used wnen e
current access made fielid in the PSL
15 1,

4-17 <31;:0= -BJ-=R1%, General regiszers RD threough RLL,

AR TP AR, FP.

a3 =3l:0=  BC Program Councer.

1= <3l:0= 2ol Froaram Staies Longword,

27 w1l BIER Baze regisrer for pagé rabie
descrining process victual addre=sas
from O to d**30-i,

21 w2l FIOLR Lenpgsn register for page table

_ lozated by POGBR, Describes effactive
length of page cable.

21 £231z2> MET Must e zero,

rt

e B P ¢ S R e S S P 1 e S s -t T R e I L .
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Table 2-13 pescription of Progesa Contrgl Black (Cantioued]

Lornawneid 2its Mnemonic Description
il =Efi24x ARTLVL ContAaing Acrasy mage mumber

lestablished by soizware! of kbhe most
orivileded access mode For wnich  an
agyngiarcsnous Syszem Trag (AST)  is
pending. Cortrols tne :trigoering  of
the AST éeliver? irrecrupes guring REIQ
inszructians,

ASTLVL Mazriing
] A5T  pending - for ALCESS
]

rade [ fkernel!

Z &5T pendiacg ar ACERES
Tode 1 [exacyeriva’

2 #37 pending {ar access
mede 3 isupsrvisor)

3 A37T  pendlrng  for ECCess
made 3 fuseri

1 Wo pending AST

27 Resarved o DIGITAL

1 23127 ¥MBZ Must be zerso.
2% <3l:0=» PlaR Base *exister far page table

dessribing process visiusa, sdéresges
From g*%30 oo 2%%3] -1,

23 “2L:d= FILR ‘Lengtn register far nage
located by P15R. Describes affz
iergqn of page czble.

iloar

21 <30 2Em MBZE Must be zero,

23 w3l oM Cnusad,

o e o o T R 0 T T I - i e e . o, e e e g RN R IR S TR T T R W 0 %y %
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T

A procsas musc be sxeduting in kernel mode ro aiter its POBE, FIER,
POLR, PLLRE, or ASTLVL. ot must First Stoce the desired rew valus 1n
the memory image 2§ the P£3 -hen mave.the vaiue to . the appropriate
privileged registar. This protoCol results [rom the [act that these
are read-only fields” {for the contexs switch trstructicnsi in the PCH.
The ASTLVD fla’d of fre PCE iz cantained 1o
recister whenl =08 STOCESS 1S running, Flgure

_d OroCa85ED oriviiegaed
“ne AST Level Regl

T
-18 shows <re formac of

a
-
£

":-'-I -:Iil

SLEF. )
T a207 0o
I O I - e A B O O O N B IO B -
' IGMNARED: RETURANS & ; SET-
illl]lb:ll.'ljlllI||j_|_-JLj_r:'_._r‘:'”'"
: IFEA DA EITE '
H‘"CWF.

Figure 2-38 ABRT Lavel Reql

L
rt
L

=}

2.6.¢ ﬁsynéhrcn:us Fystem Traps (AST]

asyrochranous system traps are a sechnigue for nﬂtl'?kng A pProcess af
svents that a&re not synohronized Wit Lo exesusicon and iaiciating
crofessing for ssynchronous 2vents with the least possible delav.
This de'ay in delivery 4af the AT  may ‘be-due to either prodess
aon-regidenace or oan agcess mode mismatch,. The sfficilent pDardlin of
ART's regquires 3ome  Hardwiars aESIEtEﬂCE to dets¢t changes in access
made {current access . mode in BRSL). A process o in any of the four
execution  actess: modes (kerpel, axecutive, supseovisar, and axer) may
receive K5T's: howewver, an AST for 3 less grivileced scoess mods  must
not be permizted =to interrupt skecuticn in-a -mere protected acress
mede, Since gutvard aceess mode transitions occour only  in the RET
instructiocn., comparvison of the currens: acoess mode field 13 made with
5 privileged register (ASTLYL) conzalning Zhe most priviieged access
mode  rumber for  whickh an AST iz pending. If =he new access mede ig
qreater than or equal o the pending ASTLVL, @0 IPL 2 soaftware
interrupt iz triggered to cause delivery 2§ the pending AST. '
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2.%.3 Procesz Structure [ntersuptks

Tw 3f the 13 sofcware inzerrups oricrizy levels arz2  reserveds frr
pProcCess grructurs softwars.

¢ dI't -

-

=

Iy

CIPL 2} - AST delivesy interrcupt.
This interrupt i3 triggersd ky 2 REI tha:- detec-g
SSLECUR_MOD» GEQL ASTLVYL and indicates tharc a pendin
AST may now bDe delivered for the currsantly B¥2CUL 1ay
pProcess,

“IPL 3} - Process scheduling intsrrupt,
"This Interrupt Ls only criggered by scftware to allow
sae seftware cunning at IPL3 to  cause Lhe currantly

gxecuting prizcess o ke bilacked asd the highaest
priority execuranle arocess to oe schedoled.

d.7 ETal=sg

Stacks, alspo called nuoshdown lists ar iest-insfirss-our quUeLEs, ATr= an
impcrkan: feature of the MicraVAX 785332 CPU's zrchizecture, They are
uzedi for; :

ta  a

1]
=
1
"
L] 1

®» Saving =he general redisters, includiag PC, at
subroutine, for restorabion at exis.

# 3Saving PC, PEL, &nd general recisters at the time of lnterrupts
and excepiions, dnd ducing context switchkes. :

» Creating storags space for iemporary 2=e, or for nesting of
TECUrSive routinses.

AL any time, the processcr is eithar in a pracess contez: and in  cne
of faur access modes (ksrael, execurive, SUpervisor, or user ard the
_nterrupt stack biz (18) 2f the PSL = 23 &r ia the svstep-wide

interrust service context (I8 = 1} =har cperates with Xernel
privileces. There is & stack poincers (57 ass:::aced with azen af
thess  Five states, Aty Time  the Jrocesscr chezngss statez, the EP
tRl4) is stored ir the process ccoritext stack pGL"rer Tar thne ol srars
and lcaded from the one Zor zMe rew stats. THe process consext =rac

pointers [#5Pakernel, E5?=exe-utLun. E5P=zuperviscr, ard USP=user) are
stared in the hardware PCS wizh a copy of the currens stack oointer In
the 52 {Ridb register, The atdca gointsr valusgs i+ the ©CY ars

AcTEssed wheraever a stach poisier iz s5witcohed,

2-GE



ARCHITECTIRE

2.7.,1 &Grcack Residency

“he vser, superviscr, and execurive stacks do not negd T2 De residanc
in physical memory. The kernel can oring in ©r 3.loC3te Drocess STacsk
cazes ez address trazoslaticn not valid faplts  odour. HYowavaer, the
Lerne. stack for the current process and  che interTuRt stack (wiaich is
orocess independent] musc be residenc and sccessiole. '

Translaticn nce: valid and access controi viciation faults gccurriag an
referenses = oither +=he kerael or interrupe srack are serious
failures from which recovery is impossible, T{ gither of these faulits
ococur an a2 refearence to thp kernel stack, the processor shocts the
surrent seguence and imitiates 4 kernel stack noc walid abert. If
z2icher af theze faulis gctur an a refarsnce g the intsrrupt stack,
+18 Drocessor nalks.

2.7.2 Stack Alignmen:

Txcept o1 CALLy instructions, the hardwars makes no attemp: - o =lign
rhe stacks. For hest pevformance the stack should be aligned on a
lanaward boundary and allacazed in longword increments.

"2,7.1 Srack Status Biis

The .1nterrupt-stack bit {L5) ang curren:c maode bt
grarus  longward {(PSLY specify which of the §
curTeintly in usze as given in Taple 1-14,

% In the  processar
ive stack pointers is

The proceszor does-net &llew the current mode -to e agn-zero  whens
I8 = L. T™his is achieved by cl2acing the mode bits af the BSL when
raking an- incerrupt or exceprion, and Dy causing 2 reserved operand
fa-1t if return from excep-ion ar incerrupt (REI) atcempss o Laoad a3
5L in which both ES arnd the current mode are non-zero.

=

Table 2-1¢ Srack Z2ointer Seleczion

= Mode Registar
L aw . sz
a 1 Ber
o M zEP
3 ¥, Z5F
= 3 5P
*ggrawa-e w1ll oniv allow a mode of 0 when the 3P iz seiected,
2-6%
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THe stack o De usad whea

servicing an  interrun S EMCepTion 1S
selected Dby rwhe [5 Dit ot the PSL and the contenrz o7 nits <l:f= of
cthe wvector for the service r2utine as zhown in Figurs 2-39,
VECTOR <1 0=
oc 01
KSF 5P
FEi<is>
* 3 5P
WA= I3RS

Figure 2-39 Stack Selection

2.7.4 Accessing Stack Registers

The MizraVAy¥ 78032 CPU impiement=z 5 privileged recisters Lo ailow
aceess  to edach stack pointer, These regiscers always accass the
speciiied stgck pointer, sven for the rcurrent mode. Seczuss  the ner
Drocess stack pointery are storad in the BCS, bhe MTOR and MEER
instructicns access the nardwars 0B, This mears, =he Dracaess Contesl
3lock Base Register (PCZ0) must contain a walid acddress, Tahie e-1=
ligts the stack polnters apd their ralated privileged regizter,

Table Z-1% 3Stack Painter Registars

Stack Pointer Muemonic Register:
Hernel Stack Poinzere KSp 0
Execur:ive Stack Pointer ESP 1
Superviscr Stashk Pointer S5P 2
User Stack Pointer (s i
Irnterrupt 3tack Painter &7 i

i-710
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2.8 RIGTART FRGEEEE

- The Zpstare grDcEﬂs of the Microvax 703z CPU is ini
rhe foallowing happens.

|'|'
|:I:l
1
im
T
£
)
1 1]
e
]
b=
m
rl
i

1. The BESET pin is asserzed.
2. The HELT pin is asserted.

i. A HALT instruction .is executed with the processor i kersael mode,

-

The nardwars or karnel software eavironment bhecomes saverely
corruptad, :

restart prosess saves the currsent volopes of the PO, PSL, inzesrupt
» pointer, MAPEN<D>, angd the restart fode, Ia internal processor
sters; SﬂvIEP, SAVEC, and SAVESL. See Bection £2.3.3.2 for =&
riptian af these rajistaers. :

Ly, = dn ~
P ot oF

WNOTE
SAVISE, BAVPD, ard 3AVPEL sre 1‘%'t&d_-1ife inra=nal
processor registers sng musht be saved ip memory hefore
~e—enabl 11g the MEMSrY Managemeant unit or using  anv
emuiated instructians,

The ressart process sets the =tate of the processor as follows:

profc rog SAVISE

gaved interrupt stachk pmlﬂter

oroc rveg JAVRPC = savad pPC
proc reg SAVPEL = saved PSL<3l:_6,7:0> in HSAVPSL<I1:le, 710>
-saved MAPEN<O> in SAVPSL=15>
_ saved restart code in SAVPSLe14:8+
5P ' = stacs mainter at time of restart

iNOT stack polinter Sﬂec1F1EL by PSL<Z&: 24}1

E3L = N41F10%0 (haxt

[ = 20240080 thax)

MABTN = q

ICCS = o {resec oniv]

SISR = 0 {ro=er onlvy]

ASTLVL = 4 {resez anly)

ali elss = undef ined

after setnting the state of fhe processar  the TEsTart  process  will
star: executing usger code ar physical address 24040000 (hex), The

csode thers gan execute MFPR'=2 o read the saved P2, PS50 and  ifnrecrup:t
g=ack pointer, establiizh & new interrupr stack and start the congole
cautine. Since memory management tf disabled, and the gurrent node of
the orocessor 18 kernel, the cossols rzuting Ras £l privileges

-
LIS e e X - e

2=71

P = e & e T e -
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T e T e e o s, et R 7 ol ) e = e g I I ] R L i o el o . o = e oo ot om0 e

pxaline and zr modify fthe interna. scase of  rhe Erocesssr, The
corssie routine  may reguire an ares of known gond TemIry for sc=aich
varianles. The zonsale routine #nkEry and exit protcools ace degorined
in the following zactions.

The raeasgn for entering the restart gprocess is giver oy the restars
code  that 5 sawved in SAVPSL<l4:8>. Table 2-15 cives . a ligt of =ha

wore-

Testdrt coda
Tzole Z-16 Restare Codes

code condision

— —_— e b ———

2 HALT asserted

; initial power an. RESET gsserved

4 interrapr stack not valid during excentisn
g maching check during maching check or kerrnel stack

ot welid exceprion

£ HALT inst-ucticn sxecuted in kerne! node
7 SCB vector bita<l;0s = 11

B ECH vector bits«<i:0> = 10

& CHMx executec while on interrupc stac

11 ACY or TNV during machiine check exceptian
11

ALY or TWY during kernel stack nob walid exception

2.d.2 Tonscle Epcsy Prooocel

The consecle Iy entered with the =taze of the gprocesser saved in
internal registers Hecause these are Iimited life registers the

staze of che provessor is walid for a limited «ime = The user
must  be  careful noe to enable memsry management or use any eTulatsd
instructiens until these registers are moved to menoery ., Therslore,

the grotocol for conscle entry (s as follews:

-« Eave the limiced life internal regiscaers SAVPRC, SAYPSL,  ard
SAVISE. :

<. Sav$ Tne current stacd pointer, This is Sone =q complete a  stack
swap 1f necessary, thar 15, store the SF in che w3F, B8P, 357, or
: tye

r
2. oloen,

A Stacx swap needs ta aoe perforemed 17 the Arofesscr was aok

Tunning gn the  incerrup®  3taszk  when che restarc Dracess was

entered. Thig is because =42 MicraWAX  TE0I2  C2T staces  rhe

noea-interrunt stack painsers in tMe PC2. TE khe [§ bit of tho

saved PSL Ls clear (=4), the corsoiz  routine musr compiata  the
i-n2
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zkac®  swar Dy storing the saved value of 5P inte the appropr

iarce

location Sf the PCH, If ane exizts, The lovation in the 2C5  that
tne 3P 15 rto ke stored in is determined By che CUR HOD field of
the saved PSL. If the !5 bit of =he saved 25L iz set 1=1), a
stack swap daoes not have to be performed.

1. &2t up the console stack pointor.

§. Begin the console routine.

A typlcal console zatry rcousinge and Jdescription carm pe found o in

Appendix © of this user's guide.

2.8.2 Congale Exit Protoccol

Sxiting from the console depends on tws thirgss

i. if memory management i to be enakled, the enviranment to whick

the =onsole is exizirg Tust bBave a validly mapped iaterrupt stachk
with at least twe Spare longwords at the hattom. The user's
consgle code will have ko verify chis by sioulating the memory

management process, thereby praving that the interrept  stack

is

resident and points to valid phvaical memory. If the interrunt

stack 15 nat valid, the exit seguence must he akorted.

Z£. The REl which restores the PC and PSL must be in the same phys

lral

longword that Zontains the instruction that sets the MME bhit in

the MAPIN regisrcer.

The protocol for exiting from the console is as follows:

L, Pushk the saved 2C and FSL ants the {macped)} bortom of the ZSAVED

inrtarrupt skach,
2, Engple memory mapping, if apporopriate,

i. Exzit wia an REI.

A typlzal coasole exit routine with memory management simulation
be fgund in Appendix O cof =hisz use='z guidas,

¥ -3 ]
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CHAPTER 13

INSTRUCTION FORMAT AND ADDRESS NG MODES

.1 INSTHUCTION FORMAT

The VAKX instruction setr nas a wvariable lerngeh inscrucecion farmat which
may D& &3 snors as ong byte and as long as needed depeading om the
type of isszruction. The general formac of & VAX instruction 'is shewn
in  Figure 3-1. &ach Instruction is made up of an cpcode followed by
ZeTO D s1X Cperand  specifilerss. The pumber znd type af oaperard
specifiers [s deperdent on the gpcode. al: cperand specifiers are of
the same formst, sn sddress mcde plus additianal irformatisn used =

locate the operand. Tniz acditional infermacior conrains up to two
register ceslgnatorz and addresses, data, or displacasnenis, The

aperand  usEde 15 decerqired imnplicitly from the opcode and is callad
the gperand type. [t inciudes both the scocesz type and the data ty

TRCODE 1 Of 2 BV TES)

OFERAND SPECLFIER

CPERAMD SFECIFIER 2

OPERAND SPEDIZIER 3

17
I
R

! L

P
L
E
I
i
|
|
|
|
I

DPERSHLD SPEGIFIES 8

RrE T1&87%

Figurr i-1 MlcroVAX Inscricrier Format

H—



TNETAUCT ION FIORMAT aND ADDRESSING MCODES

3+1.1 Assemnler Radix Worarion

15 decimal. To
iz raguired -z

The radix cf +the asszasblar
rumier  in gssembler notation, Lt
R Far BAITo LA, Lo sgwemslar
WMoY #3456, -(5F" 28 a decimal

2 hexadac.mal nzmber, i-

F...2 Operating Code

inszrusztion zontains a cperating
the gdesgired ocperaticn
byres long, depending 2
The opcode s cwa byt
thex)., Tigure 32

Sarh WVAX
specifies
onE ar Lwo
aadress A,
acddre=s A [z FD

r
-

rm the
23 long if
2

o be parformed.
contents

SXDIESS
_ praced
Lnterprass

numoer. If 1 13
woelld De woictern "MOUVW FoMIdD

Ccade

a4 hexadec:imal
B number by

ne 315& 1
inbegrarec=d as
521

»

1

F]

(corade)l  wniczh

The opcode may be

of  the
5 _ the wvalus of zhe kyte at
naws thAe opocode format.

ovVEe a2t

i L8 u]
|4 I 1 L T 1 1
aME EYTE SPCONE: COPCHDE ' 3}
' 1 L L A | i
3 & ar [k 1
_ T 1 3 T ] T T T T T H
TWi BYTE OPCOCE. oRCAOE s ]
1 | 1 | | E 1 1 | | | ]
A1 IRT

Figure 3-2 Cpeode Formats

e e g e R P Y TR PR 52 N e e e
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“NSTRUCTION FORMAT AND ASCRESSING MCDE:

3.31.3 Operans Tyx

Tae  gperand type specifies heow tThe gperand asscoigted Wi
instruceion 1s used. iaformetlcon providec- by the opoode 1N
cata type of each Hperand and how Lt 15 aclessed.

An- operand may ce accessed in cre of & ways.

1. PRead - The ﬁgetified aperand iz read-only,

P

. Write - The ap ecifiied operard is writé-anly. .

Led

Medify - The' specified cperand s read, may or may acs oe
modified, and is-written,

i, Address - Address calculation occurs until the actual address  of
tha geoerand i1s.. obrained. In this mode, the data cype ndicates:
tne operand size to e used In address calculation. The specilied
operand is nob accessed directly, aLtnnuqh th ingrruction may usa
the zddress fo access That operand.

L¥]

. Yar:aole hit field base zddress - If jus: R[n| is spezi ied, the
fieid is i general register Rln)] or in Bia~1!'Rn, that is Rins+i]
concaranated with BAin:. Grherwise addrass calculation oocurs
wntil the actual address of the opearand 1s obrsined, This address
specifies the kase toa whizh the field pesizion (offser) is
anplied.

8. Branch - 42 operand is accessed. The operand specifiar is the
branch :displacemen:. 0 this specilier, rthe data type :ndicates
the size of the Lhranch displacemeat.

3.2 ADDRESESING MCDES

Addresgiag modes Zan ke divided into tws hasic  ¢ateqgorisas, general
mode  addressing and  brasch addressing. A summary of the addressin
medes 1s glven in Table 3-1 and Tabie 3-2. A description of aach meode
follows,

P
|
Laa
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THNSTRUICTION FORMAT AND ADLRESS ING MODES

Tabie 3-1 Eummary of General Register Addressiag Modes

Mode Assembler ACress
inext Hzne Hotation SrMmow 5 ¥ BL SP  Indevyanle
J-1 lizeral ' L #literal v F £ £ f _ F
i BTl -5 A I 7 i
= register =nh ¥y vy L % s} £
b regqistar ceferred Rnl TOF YT Y o 1 ¥
7 avtodesrement -i3n) AR L ' 0y
g autollcrement tRnl+ Yy YTy [ Vi 1L
E aulolacremeasnt A(HN) - Yy vyy ooy U
deferrad
A bwse displacement BE~dtRal F¥ ¥y ¥y ¢ v v
=) bvce displacement 2R*d(Rn) A A - ¥ v
deferrerd
< word displatemant WwediRnl ¥r Y F ¥ p o i
o word displacemen: Awtdian} YYYFY P ¥ Y
deferred
E longword displacement L~d(Rn) VU Yoy P v ¥
F lgogwoard displacemens: ALZ[Rn} ¥¥ Y vy o opooy 7
. defaerred

Addressing Legend

ACCESS: Agzemvler Notztion Svrntax:

Leo= read i any indexable address mode
no o= mzdi Ly d = displacement
W= write A o= gereral cegister, n o= 0 o 4
a = gddress Az = general register, x = § to 14
v = field E = svoa
W= ward
Lom Langword
Rasu.ta:
v o= y&s, always valid address made
f = reserved address mode faulre

- = logizally impossible

a = pragram counter asddressing
u o= unprediczakle
g = unpradictakle for guad, D76 {lzating,

ar Iield if pos - slza = 32

ax = uppradisrarie I Irddex reg = Dase req

e ) ST W (PR N T e o s s ) T oA AT NSNS SN SR el . B SR PR Ty TV, R T Bl O S B s ) B e o " il s g e e o e e e gy (Y T



TNSTRUCTION. FORMAT ANMD ADDRESSING MODT!

Tabi= 31-% Summarvy of Proorar Cownber pddressing Modes
Azmzembler ACCES
Moda Name - Notation W oW
& Immed:are Im#constant TR
2 absolute :4addrass ¥V O¥F ¥
A Byte relstive Sraddress TV 3
B pyte relacive 8 addiress ¥oU oW
: daferred
Z word relative Whaddress oy
O word relative Wraddress TV
deferred
g longwazd relative Lraddreass Y
F longwozd relaeive L address ¥ ¥ W

datferced

a v irdexakble
vy i
¥y ¥
v 7 T
Yoy ¥
T ¥
¥ v
T ¥
vy K

S O S SO 0 S 0 S o A

Addressing Legead

ASEembler Nocasion Svntax:

&0V

displacemant

indexale adétreszz mode

[

general register, n = 0 to 13

geEneral register,
byre

ward

iangword

ACCASE:
o= reat i o=
™ = mod 1 Ey g =
o= write =3y
a address Rx =
W fieid B =

. w =

L =
REsUuiLs:
¥ ves, dlways valid addres=z mode
E ragarved address mode faglit
- = ingically impossible
nooa program countsr acdressing
o= unpredictebhle
wy unpredictabole for guac, D76 f{loaring,
or field if pos + size = 12

LK = wnpredictable [F index reg = ha

Ll
[N

S8 rag

x = 0 to 14



INGTRUCTICH FOHMAT AND ADDRESZING MCLES

$.2,1 Genzral Mode Addressing

J.2.i.l Generagl Rzgiszter Address vodes -
The general register address modes use ocne or more of the gexeral
registers, depending on the ratructicn and dits <ype, to zonrain o
aperasdis] aor riocrmation reguiced ta'locate the operandis) ra be aged
by ehe specifiled insktruccion,
Feclster Maode {Figure 3-3)
Assamblies Syntax: B
wode Specifier: 3
o7 M 03 o]
1 ™ T N
15 Ar
L ] ] L ] H
EEEETF

The operand is the contents of registers n f{or

Rln+l] concatenazed with &n for guadword,

L fleating, anc certain fleld anerazions):

Operand = Aan ILF one ragister, oty

2[a+1]"Bn Vif two register
Tigure I-1 Reqister Mode Operand Specifier Format
Dascritbion:
Wizh register mode, any of -—ne general registaers may Se used as simpls
gosundiators gnd cthe operand (g coantizined i ke zolacred recisrer,
Birce they are nardware TEZlstars Wwithin =he cracgessor, they aravide
spzed  adwantaces when ossd for aperaczing an freguently actassed
variaolea,
Spetial CoRATENTS:
This mode can bhe used wicn sperard specifiers  using  read, write or
MoRliy  access  out zannct be  2sed with che  add-ess azoess -—voed
otherwise, an Lllegel addressing made  fault resulis. The program
Coonzer (PCP cannet Ee ugeg in thiz mode. P - PO ‘s read, -ha
ER

=, R L UG N R it e s e g . i g S e
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[HSTRUCTION FORMAT AND ADDRESSIHG WMODE:

value iz unspredictapla; if -ne PC is written, ths sext instruction
sxecuted ar the next operand speciiled is unpredictable. Simiiacly,
if 2C is used in registsr mods tor a woite-access gperand which  cakes
two adsiacent ceglizters, the contents 2f RO are unpradiczabls.

The stack pointer (3P) canoot e uzed in £hiz mece fIor an operand

which =takes two adiacent registhbrs since that would 1mply 8 direct

refarence tao tns PC and the resaltz are unpredic:=able.

Lra
|
]




[NSTROCTION FOEMAT aND ADDRESSING MCIES

Examplea: REGISTER-MODE, MOVE WORD [NSTRUCTION

instruction Formet: MOVW BD,822 CoInstruact

1on moves a 2g-nin wora
wr datas e

om R s RA,

EEFIRE INSTRULTIN EXECLTEN

Al A2
Cloclalofa)a 1 2 t clofn 0oy L B
AFTERA HETAUCTION EXECLTOM
[ o A1 Q & d 1 x n] [+ 3 I a L3 1 2
MACHIME CORE. IEEEL-'?HE STARTIMG SO0 TIdN =00 3 -:.'- on
ORI 80 CRCODE FOR BMOVE WiED 1MST BUCTION
DR 51 JFERAME SPE-SIFES. SOLACE AEGISTER MOTE ©
TG0 52 OPEAAKD SFECIFIEA, DERTIRATION AFCISTER WOHE 2

LN &

ey
=
il
[t
[
=

-4 MOVW RL,EBZ Move Word

Thiz exampie, Figure 3-4, shows a Move Word instructios using regiscer
mcse. The coarent of Rl i3 the operancd, The Move Wovrd ifst@uction
causes the lgast signiiizarmt natf of 851 to ne tranmsisrred =2 the lezsc
signifilzanc hall of register A2, The upper zzlf of 22 iz —cnaffesced.

e
1
fun ]
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[NSTRUCTIGN FCRMAT AND ADDRESS ING MCIEL

Register Deiercad Mode (Figure Z-3)
tssembler Syntax: CER)
Moda Speciflier: B
oz [ O
L] T T - ¥ T
[ B
L | | 1 1 I

n.Ieed

Figure I«5 Register Deferred Mode Cperand Specifier Format

Jescripegion:

The register deferred mode provides one level of indirect saddressing
over register mode; that is, the general recister contains the dddress
of the operand rather than the oparand itself. The deferred mades are
ugaful when dealing with an operand whose address is celeulated,

fSpecial Commenzs:

Tke PC may nat be used in  register deferred mode. L 1t is the
asdress of rthe oaperand s unpradictable and the next inscruct.on

execured or the next cperand is unpredictable. '




LHSTRUCTICH FORMAT AMD ADCRESSING MODES

Example: RIGISTER DEFIRRED MODE, CLEAR QUAD INETRUCTION
InsErectian Formet:  CLAQ (R4
GEFIAE METALCTON EXSCUTICY
ADDAESS
- . SFRAGE Eq
cooetenn | am pRRsin 0
LT RSN E rn
N 073 T
000 013 13
H TR h A 34
WHNS1E | s
[H R b e N ] bl ]
amznTT 1.3
L
AFTER '"METRUTTION ExESU] On
AODRESS
SPACE . A%
oooa1ora | oo Ra1E1g
LA §an
w0z |oan
el | oo
O0TEs | GO
oonIes | oo
MOCICTE | B
vy [l I

MACHINE CODE RZSUME STARTIHNG LOCATION S A2 C 2 a0

AO0NEO00 | OPDDDE FOA CLEAS QUAR IMSTRUCTDN
SR Hy] g DPEAAKD SPECIFiEA FOR PES SE1 DETEARED MONE He
= Jded

' -y r - b - I -

Figure 3=o CLRD (R4} Ulsar guadword
This examnple, Figure I-&, shows a Clesr  oSuad  inger
Hagisrer Deferved Mode., R4 contains rhe address of roe
1Mstricoigt specifies that z2he Zyce a4z -hiz addresz o us
Sevenr Bvies 3re =0 Be closared. '

SR e e e e« e = - R L R 1 e e Bk a8 s o s - e 8

dotion d=ine
coerand. The
the following



SHETRUCT ICN FORMAT AND ADDRESSING MODE:

Autcincrement Made (Figurs 1-T)

sszsembler Syataw: [Rnt=
Mode Specifier: 4
oz 0 aa ’
I I 1 I I I
B Hn
| | 1 | |
LR PN
Pigure 3-7 Auptaincrement Mcde Oporand Specifier Farmat

Description:

In autoincrement mode addressing, Ra contains the address i the
operand. frer rche operancd address is determined, the size of he
gpetand [(which is determined by the instruction) :n bytes (1 for by:e,
2 for word, & far lergword or 7 floating, and & for guadword,
O floating, or G_fioating) is added to the contents of Rn and the
cortents of R oare regplaced oy the resclt. This-mods provides for
automatic stepping 2f a painter chzough sequential elements 4f a table
of operands. Contents of registers are Lroremdnted to address the
rext zegquential lacation, The autoincrement mede is especialiy useicl
for array processing and stacks, It will access an elemant of a table
end thnen step the painkter o address che nexc operanc 1n =ie  tanls,
Althougr most useful for table harndling, this mode is geaeral and may
be used for a variety af purposes,

Specidl Commeats:

, thils addressing mode IS
al svntax irefar to imonediate

FF

If the PC iz used as rhe generai veglste
desigrases i1mmed:iate mode and has spec
mode b, :

T
i

+

L



THSTRUCT 20N E'“‘H_"-'[ﬁ."‘ AHD ADGRESETHG MODES

Eramp.e: - AUTCINCREMENT MORDE, MOVI LONS INSTRUCTION
Tnstyuaricn Forrac: MOVL fRb)+.37 This imstruction will mowve
& lorquwerd af Hdagea 312 2irs)
o B2
FEFQRE INZTAUCTION SMECHTION
A0JAESE .Hhhh .
SALCT oA 3
k
- SOOOONTT
aus 0o oo _ sy Ll
Dl T i =1 AFERAMS
[ e | il =2
(TR TV R 1 J
s ] L ] 4
e 5B
ECUSTE PREAAND ADDRASSS = SO0 G0
AETER A STRUE= 10K EXESHTION
ACCAESS
ZRFaE (HE Fd
. a1 314 Tizzieon
pro s TR R ]
QA g s
Seonrora 31
GO D1 4a
COOno1s 55
WACHINE CDDE: ABSUME STARTING LOCATION 33D
G pu i} ARCONE FOR SEIVE LANG WOAD CHETALS TIRM
SEOCH)ZOR R AL TOINC REMINT MODOE, SEGISTER =1
P W) L) REGIGTEA WCDE. AEGISTER 92
= r
Figure 3-8 MOVLIX1)~ R2 Move Longword

ThiS  example.
ALTTINCremenk

ars
‘net

—— g, —

rods, The -

source gperand.  Since =ha z
transferred to RAI, ®l s th

ruction specilies a longward das-a

 S00oWs @ Move Long  instructian osing
ncent 2% Rl is the s=ffscrive address of the
fperasd i JZ-5lt dongword, four  byvtas

" in:rementeﬂ ay four 2ince the
W

FTigqurs 3-4
£

vt Iliﬂ-'

1-12

g

e L P Rl IR G P o I e e - s o s com oy oo o geeg e g - ——— e " M o B — . o 22— g - . R e G & R e . S B . & &



INSTRUCTION ZCRMAT AND ADDRESSING HOOE.

¥

Autoincrement Deferred (Figure 3-9)

hdssembler Syatax: L EES

Mode Specifier: 3

LU RET L]

Figure 3-9 Autcincrement Deisrrec Cperand Specifier Format

Description:

in guroincrement deferred addressing, BEn contains a longword address
whien is & pointer to the operand address, After the operand addres:
has beer determined, four is added to the conteats af 8n and the
con=entg of Hn ave eeplaced with the result. The guanticy four is
uses since chere are four bytes in an address.

Epecial Comments:

the PL is used as ihe genera:l register, this addressing mnode is
zignated abscluze mode (refer to apsdalute mode).

T 2
-
e



CINSTRUCTION FORMAT AND ADDRESSING-MODES

onamole: ALTD ’QCH_-H-_.N“ DEFEIRED MCOE, MOVE WORD [NSTRJCTION

idt

Instructicn Sormak;  MOVW 3(R11+ B2

BEFOFE IRSTRL DT 28 EXSCLTUEN

AEDREES

SFATE I‘\‘\\ a1 W
p00sIaie | o[ coomione aeaanote |
z1Gi ! 1 .

LPEAAKD S0DRESS

COG 22 ek 1L B
O0aT101 3 az [&
0 A o I
LoCurms 35 i

1200 4

33221101 5
Cx Fard Y ) wn
aE31°03 e

AFTER NETAUC TIAN SEF2LTION
A ' R2

- gt i HIESF4

Wai=ME COLE. ASSLME STARTIAG LA06 TiN a0G0zo0g

A an CPEZIE FOR MOYE wWORD iNITAUCTION

SCGOEE )| AUTOIMNZASMERT JEFERACE KIGCE. FESETEA R!
Sy i ar AEGISYER MJDE, AEGISTER A2
SUELE
Figqure 3-17 MOVW Z(RL)+,%: Move Ward

Thais exaxpla,  Figure 3«10, shows a Mave %Werd  iassructieon using
accoincrement  cdeferred mode, The cgatencs of Bl is & peointer to Rk
vperand sddresz. Since a word length instructicn s EHELlfled. the
ayte ar the =ifective address snd the bvte at the effectlive address

plas one are laaded irto she low-order half of ragisTer R2; the upper
helf of RZ2 15 not slzered. BRI ls tien incremernted by faur sincs it

points ca a i2-391:- sddress.,

1-14

WO el e Y r e e E s E DR RS R RS R S R B S S S - O A e I, bl o N e R M e mEE R R R R W N ——



_1NETRUCTI$H cORMAT AND ADDRESSING HﬁDEE

-
-

Aurpdecremant Mode (Figurs I1-11F

Afzembler Synitax: ~l RO}

Mocde Specifier:

. wTLAJRER

Figure 3-11 Autodecrement Mode Operand Speciiier Formart
Descripticn:

In autadacrement made the contents of En are decremented and then usad
as the address of the aperand. The size of the cpe-cand, in bytes |
ior oyte, 2 for word, 4 for longword o0 7 flesting, and & fg
gquadword, D floating or G_floating! iz subtracted from the contents of
BRn angd the contents of Rn are repiaced @y the rezult. The updated RHn
contains the address of the opecand.

Special Commente:
Tne 2T may not be used in autodecrement mode.

wi the operand is unpredictaple arnd the next
the next opevand is unpredictanle.

.t 1s, the address
1srrucTion execctad o

L2
i
'—l
L
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CHNSTRUCTION TIRMAT AND ADDRESS MG MODES

Exarple: AUTODEOREMENT MODE, MOVE LONG INSTIIUCTIGN .

Inshructian Format; MOVD =(B31:, 32

a3 . A4
[]
OSGHOIH i IR o H T
=E543210
AFTER INSTRUCTION CRECLT'GHN R Hd
ShCainia CESAIMN

WACHINE COGE: ASSLVME SFAATING LOCAT 0N So0nshon

. Snpodqo an OPCOCE FOR SE0VE LONG INSTRIPOTIGH
GROGEI00 Fa ALTOINCAEMERT MODE, BES STER A3
[0 i [a] e d g REGIETTRMAOGE, AEGSTEA R4

L gl L HT]

Figura 3-12 MOVL ={R3],R4 Mave Longword

This example, Figure 3-12, shows a Mowe Long  Lnstruction  usine
dqutodecremeprt mcde. The contents ar 33 are decremented according Eo
the data type specsified itn the opncode (four in t

n
-
his example Decauze =
1

langweor iz used!. Tae gpcatad Concents af 2 oare then used 235 the
gdiress of che operand. The instruction causes  *he  aperand --  be

fesched &nd lceded inzs R4,

g oy ey o, oy g ok ol o e g o o] e = o e 3 e A TR R L TP e i B e
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INSTRUCTION FORMAT AND ADDRESSING MODES

Lispral Mode [Flgure 3I-12)

AzzeTmbisr Syntaxt o 7% Literal
Mode Specifier: : 9,1,2, or 3 ) -
: . (dependirg on literal valus specifiisaq)l

| 1 T 1 T T
1] o . LiTERAL
P | E 1 | H L
PERETTTE

Figure 3-131 Literal Mode Cperand Specifier Forma:z

Descripkion:

iteral mode addressing provides an efficient’ mesns aof spacifying
‘integer constants Iln the Tange-freme J.to B3 {decimall . This ?5 Ea@led
short Ziteral. Literal values zbove b c&f he obtainet Dy immediare
mode lautoincrement wmeode uwsing the PO although imetediate mode :s
lornger. ®or predefined values, "the assembier will ‘chocse bketween
shar: literzl and irmmadiate modes. Tor skorst literal operanda, the
formas g shawn in Figure 3-14., 2its 7 and &, however, are always set
to Zerd. '

MODE SPECIFIER

wH -0 A0S

Figura 1-14 Shork Literal Formacs

The following axample, Figuee 1-1%  spows some  shors Linerals:

the
Literals are X4, 30, 46, and &2,

[ —




SNETARUCTION FORMAT AND AUDRESS NG MODES

Tdpg 0 a | a2 . 1 1 & AANZE (F MIDE SPECIFER = 0
HATOAE
| - i
TR a ; a1 . ; | o A4MGE OF WOOE COESIFER =1

515&;311{:

AAMGE OF MOLDE SPECRER = 2

Iiﬁ|:| a o 1 a 1 !- | [w} IS 33 T.I:-It}“:l

AAMOE OF MODE SPECIFIER = 3
15 &8 e 534

fr

L BT

Figure 3-13 Examples o Short Literals

Floating ooin: literals as well zs shore literals can be Ripressed.

FOr  operands ut dara typa ¥ ‘lgathr D floaxzin and & fleating,

the

B-bit literal 7ield ls compdssd of twa  3-bie fields. Figure 3-1¢,

whers BYP is &HpﬂuEﬁt and TRA lE fractioch,

cHF Fid

AT I

Flgurs 31-16 Finat-ng Lizeral

“he EXF and FRA flelds are used to form an ? Iluuu g ar D {lea
aperand  as  shown in Figure 2-17. Bits 63732 are not pressnc i
F_floaring aperand, -

1-13

e e o o, 5 3 Ry i ] N S e, e -, e 8 L R LAY P S A 1 e B T S e B e e e e e e e e e e e e e e s

ing
20N



C THETRUCTICN FOHEMAT AND ADDRESS MG ED?EE

15 14 o7 -] os 23 o
3 v - ENP [ FRA | o
[
0 : : : : ok 2
a Aekd
o A+

-

- Wi 24D

Figure 3-17 P Fleating gnd D _fiqating Operanc

bl 11

In Figure 1-15.

“he ZXP and FRA fields are used ra form a G _floating sperand as  shawn

i5 4 (i k] o w

o 1074 + EXP EAa a
o -1 o
a : At
o PP

Tigura 1-iAd

L LR T

G floatzinrg dpesand

1-11



INSTRUCTION FORMAT AND ADDRESSING MCDES

Teble 3-3 gives rha +“umbers rhat <&ar  $e epresented by fleazing
_itwmrale.

Tabie 3~3 Floaring Literal

L1

|
v i 1 Z 1 ] 5 ¥
e e e T MR L G  R  e E B m E  e m n m  m  e pr — r Y E A (P Sk e o
a1 1/2 3/16 578 114G 344 - i3/lG TR 15716
i1 1 1/8 1144 1 378 1102 I oRA 1 14 178
2 iz 2 lis 2L/ 2 374 3 L3 i 3 1sE 3 31/8
3 1 4 172 5 3 12 v £ L/Z 7 172
1 3 o 14 : 1z i T 15
3 15 18 n 17 £ 26 28 30
5 1 12 38 il 44 33 3z 3 a0
7 ! B4 72 E0 8 95 104 112 120

L

PR T TIE R A T T T TR,

e —



IHETRUCTICON FORMAT AND ADDRAZSSING MODE:

SRAD MODE, MOVE LONG INSTRUCTION
Formas

MOVL 37489, R4

BEF(RE IKSTAUCTIAM EXECLTION

qu .

" 00300

SFTER INSTRUTEAN EXECUTION
Fd

- BOGOOD0S -

M HINE DOOE: A S5LEME STARTIMNG LOCATION 0ORGI000

TEXHIBGRD HFCADE FAR MHOVE LOMNG IMSTRUCTION
SO0 00 HTERAL 3
. TR0 AT

AECISTEA MODE, REQISTER Ra

W ann

Figure 3-1%9 MOVL 5°49,R34 Move Longword

This example, Figure 1-19, snows 3 Move Lang instruction
mode ., The Literal 9 i1s fransferred o regiscer 34 as
instruiccion. : '



[METRUCT (O FTOURMAT AND iDDHEEEIME-HﬂﬁES

Displacament Mode (Figums 3-20)

. Assembler Svntax: olRm
B"D(Rr: - Byce displacement
WoO{Rny - Word displacament
LoDiBrr - Longword disglacensne
Mode Fpecifiert A = ioyce diszlacement)
C = iword displacemeat]
E - {longwgrd displacement)
15 ga o7 0 £ h
i BY T
DIGFLAGENENT . An DISPLAGEMENT
23 o 07 o1 03 0
GISPLACEMENT a Ar WoRD
BISFLACEMENT
e ) OB 07 od 0 23
DI SPLACEMENT E A+ E?51E1$;HEEHT
PR T T |

Figure 3-2f Displacemernt Mode Operand Specifier Format
Dessriptian;

In displacamen: mode addrassing,

t displacemen: [aftter oeing
sigrn-extcrnded to 32 bitas If ir i= £

te or word! i2 added to the

W
5 the gperand address,

conzents of registar Rn and the resul
The Micro¥aAX architecture orovides for an d-bit, Le-bit, or 12-bit
afizet. Since most grogram  ceferences cocur within small discreze
porticng of the address space, a 3d-Dir oifset i3 not always neceseary
-gng  the .B= apnc lé-bit offsers wiil resuls in the saving of smase
[ fewer bits are reguired!, :

27 wthe PC 13 used as  tne genepral ragister, Iais gode is called
relative mode ‘refer o ralazive pode !

vl
1
il
LS

oo o s st EEE R R R e S R T B o — —— § e b e Y (R | LN LA, LR S (RS R 5 R 8 B a8 AR o o B S = e R R Y L P Y e Ry AN R Sl s i P LA



Example: DISPLACEMENT MODE, MOVE BYTE INSTRUCTION

Ingkegctian Forwat: 0vE B 5iR4}b,8°30370

INSTRUCTION FOBMAT

EE

QEFORE INSTRUCTION nirsi:n.-.lncnu

Coba1t 5
SO R
GG T
a0onG: 8
OO D

CRQOA0T *

COO0aGEz

OO

AFTER INSTELLTION EXECLTION

Dexrial 8
Do e f
LRI
ECOToE

Loanrna 1
WHIDELA2
LOANFS? R

o

ADOAESS .
SPACE : R4 A3
T R RETRC f=1v 2 [ - s [ o T )

&0

ﬁ | OPERANKD

ORI 2 T
5 5

-——" i i

—

oo

i)

60
™

(el Y

TR D

U6 wempperang

MACHIKE S4DE: ABEUME STAAFING LOCATION GROGaoDno

oA SO0
DOOEI0g
OO0
OCO0E003
DOAN300a

.Figure 1-%

-

- QPCEEE PSR MOYE 8YFE INSTRUCTYON
. CS|GNED-IYTE (ASPLACEMENT, REGSTEH R
" EPECEIGE EXTENTION (DISPL CEMENT DF B
: _ﬁlGhi’!} BYTE MEPLACEWENT REDSTEH RE
SPECIFIER EXTEMNSION \DISPLACEMPNT OF T

ANT ADDRESS HG

MOVE B~3(54),873(R1) Mave Bvte

This sxample, Ffigure 3-il, show a
displacenent mode. A displacemene of 9

ta form che addeess of the oyre ope-and.

Mowve

Byta
iz addec to

address formed oy adding che displacement of 2 to the cantents «f R3,

a-23

MILCES

imgtructisn using
the coantents
The ocperand is moved to

- R4
Lo




INETRUCT IO TORMA™ AND ADDRESSING MOOES

Jizplacement Deferred Mode I1Figure 5-22)

Asserbhler Eyntax: ED08N)
:B°D(RNY - Byre displacement deferred
W DIRER] - Word dizpiacement deferred
iL*DIBRY - Longward displacement deferred

dode Specifier: - ibwvte displacemen: deferred)
iword displacemen: deferred)

- tlengword displacement deferradi

'zt I3 {0
¥

H- a3 a7 a5 Uy

. BYTE
DISPLACEMENT 8 an . D:5PL ACEMENT
GEFERAESD

r ' T omE 4T G 03 1

i WOAD
DISPLACEMENT . ., o A MEPLACEMENT
DEFERRED

- . - . . 03 07 o4 03 20

LONGWROAL
CISPLACEMENT ) - F RAn D.SPLACEMERT
.. DEFERTEL

FTLNE-"FT ]

Tigure 3-22 Displacement Deferred Mods Cperand Specifier Format

ot o
ol 4L o
L

Descripeion; In  disglacement deferred acods addressing,
displacemsnt {afzer being sign-sitended =o' 32 nirs if a byts ar wo
is zdded =g the conternts af the regiscer ®%n and the resul: s
longward addreszs of the ¢perand adéress. '

[f zne 2C 15 used 335 the geéneral reqgiszter, +this wode iz callad
ralative dafarred mode, .

¥]
|

]

e

——— e — e S e e AR LR, B S SR pe— S B g R N S R S8R S A g xS G LS LN L e L S ey e e W, oW, S R R . o A L M, e o R R LEE A P R .



LMESTRULCTICH FORMAT aAND ADDASSSING MODE:

Exampie: DISPLACEMENT DEFERRED WMODE, INCREMENT WORD INSTRUCTION

Instruction Fsrmac:

INCW

a~5ifd! .

aif-

EECOSE [WETRUCTION EXKESLTIRN -

LT Gy F
COHAD 2Y B
cunSicie
0o 320

8244238
BEr4dlEg

SF FER 185 THUCT IGh EXECUTIDN

931492 85
ta2da28g

14
E7

[
. aogoT 2
a2 ORESARD
24.- ADDFESS Lo 1OT2
£ N . =
. Ry F G001}
14 1 CPERARD
- _J? E . BTIF DRPERAND
_ 41 INCREMENT
ettt 5744 REW OFEHAMNL

e

A HINE CODE: -6AT UM E STARTING |"t;..=,.=.1'|_|_:|r«|. DR MO

atncaren

DFCOE FOA [MCH B INT WIRD IKETRLCT-ON

comodog | FIGAER BYTE ENSPLACEMENRT, REFISTES B4
Q0L SPEC.FER ETENS N REQISTER A% FLUS LIk
wE sy

Figure 1-231 INCW 3B 5{R4) Increment Word
Thisz saxample, Figure 3-I3, showg 2o Iacfement Word  instsucticn  ysips
displacemant Jeferred’ mdde. Tne guantity 9 15 added to the contents
of RG¢ and the result i3z the longword sdgress of | <he addrass S =he.
cpe=and. The aoperfand of 5713 i indremanted to 5704,

e e S o= -2 s s sl o 2 -t e s . ol s s e S - S i s s e i - s s e o sl e el B 3 - e 8 s



INSTRUCTION TOAMAT AND ADDRESSING MOTES
Index Mode (Figure 1-24)

Assembisr Syntax: _ 10 R«

Mode spacifier: i

FRIY¥&RY NIPERAMND
Ay

. L T
i . 3 VB FASE SPFEAAMD
E CdSPLACEMEMT SPECRIER 4 . B=
il Bl B L IR I N TR TRy T —————
L RG] 1A

Figure 3-2Z4% <Tndex Made Operand Specifisr Format
Description:

The oparand specifier conzists of at  least two ovtes - a4 primary
operand sgecifier and a base operand ssecifier. The grivary aperand
speciiier contained in pics O through 7 :includes <he index register
[(Rx} and 3 mode specifier of 4, The address af rhe arimary sperant iz
decermines by firsc multiplying <he coneents of the index Tegizter Ry
Dy the size of the primacy operand in bvtes {1 for byte. 2 far wer
Zor longword oy F_fleating, and B for guaddors, D fledzing, =
G flaatinmgi. This qalve is then aﬂded £y +he adde 253 speciiied kEy zhe
bise operand sperifier (bits 19:38}, &nd the result is ‘taken as the
aperant address,

1

Index mode addressing permics very gereral ard sfficient arcassin of
arrays, The base address =f the ar ray ig determired by che operand
address czlculation af the base qperand speh.fier. The conteats of
tne index “EngtEEE are Ladken as a logic ingex into the array. The
legical index is conwverted iate g roal Ibyte? atizer by mulziplying
the coatencs of the index regiszer by the size of the primasy aperand
in byres. ' '
Specifving register, literal., or index ‘node Far the base  aperard
specifler will result in an ifilegai sddressing mode fauit. I <he use
2f ascme zarcticular specifier is  illegal  {causas a faule ot
unpredictanls ‘gehaviart, Zhew thas speciilsr is . zlso “ilegel ag 3 bDaze
sperand gpecifiler in irdex mnde gnder rhe zeme condisions. '
S3peCtAl Comments:

25

e 1 e e e e m T B L T SR Al T F B P PTG 13 APt % il i ol e e e e e £ ettt £ 1 e et £ 8 1 P . P et



IN TR’CT IO FORMAT ANT ADDHE@EEHF HGDH‘

Tha farlowing feb+*1¢t1 ns ara n aced on index registgs Ak

1. The PC cannat be used g5 an index regiztar. If it iz, a  reserved
addressing mode faul: acours. : S

£ bie base cperangd specifier is for an addressine mede which
esults in ragister medificazion {autaincrement, sutoincremen:
eferred, or autudectement-. il® sape register cannct be the index
register. If it is, rhe prl matry operand address (2 unpredictabie.

L B TS

makle 1-4 lists the various forms of index mbde aﬁdr@551ﬂg available.
The ram95 of the addreszing modes resulzin rom index mode addressing
zare formed Sy addinmg imde xed t& the nﬁ&fﬁﬂﬁiﬂq mode of the kase
operand specifier. Tke gensral .regikeer.-ls degignaced R and the
index reflstar 15 R, ' B

Table 3-4 [Index Mode 2ddressing

Made : Azzaemolar anatiﬁn

Register Deferred Indexed YR [ R
Aysaincrament Drdexed . :'{hh]+EHx]
surcincrement Jeferred . 2{Rni+[Bx}
Indexed :
Absolure Indexed . A#addiessinx]
Autodecrement Tndexed © . ~(RpM{Rx]
Hy=e, Ward, Lﬂngicrd o ﬁ“DEHn}{EH]
Dispiacement [adexed WeDlRAnY{RX )
L*a(RR ] BEx]
Bvze, Word, Longwoed . -JE“D{RniLRx}
Digpiacement Deferred AWeDd RO [Bx ]
Indexed _ CALSDARn) [Rx:

[+ 1% imgortant  to note chat  fhe  operand - adiress. (the  address
containing  the  operand! iz first evaluzred an then the index
specified by che index register .35 atdded o theé opperand addresz o
find the indexed addresd. "To iliustcacs this, an example of each type
af incexed addressing foilsws, -



INSTRUCTION FORMAT AND ADDRESSING MOCES

Exarcle #1: REGISTER . JEFERRED INDEXZD = MODE CHCREHMSNT L
_ : _ . INCREMENT  WORD
INSTRUCT ION ' '
Instructign Forman: INCW (A2 RS
GEFGRE IRSTRLCTLRN EXFCLTISN
: ADGRESS
SPaE - R RS
ooEdzz | o Q0001 CH 2 connToed | -
AOUGIE | SE
SOaaTA1S TR :
1 T 5 W, =8
wooigrs | s 1g % I 9¥TES FER WORD = &
-l——-"'_.‘-"I
. e 3
sccorony [ as |} =
. _ .
a 1
P as jl.’]F'EPM-.I[:- v sy [
. e
AFTER INSTRLCTION EXECUTIAMN _ _
R2 RS
TR BT LR 7 DOLOND S
P e R B a7
MACHINE DODE ASSUAIE STARFINE LOCA Fidm G005E500
G I Eh - QFCODE FOR MCFEMEMT tiQAD «ETAUCTION
0TIt | A ENOEX MODE, RECISTES 54
oooednnl | sz REGISTE Rk JEFEARED WONE 2FGISTER B2
Hlﬁ'l.'ll..'ﬂ
Tigura 1-2%  INCW (R:)IRS5] Increment werd
This example, Figure 3-23, shows an Incremsnt word inssruction  using
ragister defsrred’ irdew adovrezsing. The krase. operard address s
evaiypazec, Thisz :ccation s indexed oy & sirce the wvalue (1) 1a ke
index Tegister is multiplied by the woerd datz size of rwo.
i-23

o o 8 S R ol el B T A T T T G B ol R | PN L (L S e



CINSTRUCTION FORMAT AND ADDRESS NG
‘Exompie #5i AUTOINCREMENT THOEKED MOUE,; CLEAR LONGWORD (NSTRUCTION

Instructicn Formakt: OCLAL (R4)+ RS

EEFORE IMSTRLC T EXECLIT NN

AGDAELS . C .
SEATE: - fld: . P&

V- aootinz | | oedcuozs
b OPERANE {”“"““.".”153"'5*755 PER

EILKAC T 2
QNo AT
DO 0AeY
Q0T Qe

LIMCWORD =944

\‘_ um-'l'lﬂ- 2 ‘)

ADDP:‘S:. &F -"IF’"F‘hq'i.IL.I

AFTER INSTRUCTIGN EXECTION
a4 RE
000 1 o 1 oocepozs

G001 BAE
QGO 157
W1 Dl
001 ol

WACKINE CODE. ASEUME _ETI‘H“‘-'I"\'IE LQTATION ﬂl:lﬂ:'ﬂl_:r.ll:l i

DDA
ot [rEn
T [ b

. RRCIRE FOR CLEAR wOmsnwdad insTauctidy
INGER WFIE RECISTET A -
AUTHMCRESAENT BOCE. REIGWETER R

s\ Tasia

Figurs 31-2& CLRL {R4!+[R5] Clear longword

This wexample, Figupe 3-26, shows a Clear Long  instrsuction  wsing  =hs
Cautoincrement indexed addressing mode, The basze’ aperand addrazs 15 in
- ®E, This '.raiue "5 indexac by she -.:r'.J.ar"I L 2y n RS sulziplied by zhe
data gize. in bytes.  This loTacion, pius the next chres, ase cleared
since 4 ...c:‘*gaﬂ:".i ipsrrustion LS.S[J'E":i_FiE'f’..

-k
i
-l
[

HMCOE!




LIHSTRICTICN FORMAT

e e e

ANT A

Examp:e #3:

astruction Formaes

BEFQRT -NETRJCTIOM ERECU

AUTOINCREM E‘*I“T' JEFERRED INOEX MODE,
CLEW

AGRESSIMNG MCOES

CLEAR WORD IMSTRUCTION

R-.!J";Rﬁ}

119%
ADDAESS
SFaACE Ka : 35
Conntaiz £35 E G ED . DL AHIAS
=TT -
oaTg A o : o , _
e 5™ apenann % % 2 BYTES PER wORS = INDG000a
SepdLnds P .
N Q62743
. &
eEET 4G
AJDRESE
SPACE
oEaazvan | 22
OEoa2 " 4F 19 } SRERAND
QR 4F 58

SFTER INSTRUCTION EXETUTION

CEAR2 14D
JELEZT4E
CHORZ1AF

el ME CLDE

DO
oRanFIo
COn 30

-Figure 1-

e R&
0 ) f_ GO0 0 4 Q00005 F
0
G

ASHLME §TAATi NG LOCATIGY D0003000

=5 DFCANE A CLEAR VMIED INSTRLCTICN

] INGES MGLS, RESISTER RE
B0 . | CAUTNCREMENT NEFSARED MO9E. AESISTER e
MRz

27 CLBW L{RI1+TRAE] Clear wWard

showz a Clear Werd

This. example, Tigure I-27, sretTuctisn using  the
glitoincrement deferred indexing mode. B4 contains the acddress of the
coerand address.  The index ~ralug A 13 gbrained &y Tuitimivinag the
coptents  of the index :'egis.t,,, LR35, v the data szize, -h Lyces,
witich 15 2, The calcelated ward acdress is cleared, S

Lat
|
Lt
=

- — g, R PRI L B DI R L ek S R R e

- L L R R R R R YRR mmm



S LETERE

the datz size ant che res:

: "HSTRUCTTON FORMAT AND ADDRESS NG MOOE:

Zxample 43 '.’-';-"TG'D'E.'EHE.V‘EW"' -HDE'{ED ”LD'E CLEAR 3 !}QJ I‘I..uQLCTilII"I

Imet=uceion Forma-: CLBEW —f‘-?E'-i*-

- CEFORE INGTRUCTIGN EXECUTION

ADDRESS : :
ERACE RE- en
0010 A ' Q0038 OO
CO00YE- L .
0googg 313 % ¥ BYTES WEA WORG = GUNDEK

QuBoiaTn

" R = L R
GO0S0002  DECHEWENT @y 2

GOOIOTG | ORERAND SODREES
GODOOOOE  INDEX VALUE

QO00TCA  +NDEXED DPERAHD ADDRESS

AFTEH INSTALCT G EXECUTILN

| ADOSESS - .
SPACE Az ' A
CODTHE A opogagia’ | | opogehed
QO g :
QORI G
001310

MASHINE SODE ASSLME START G LOCATICN 20G03007

OCHIGA000 LFCA0E FOR CLEAR WORD INSTROCTON

O G0 ook WaOTE. PEGESTER Ad
QO0NA0E ALTNCREMENT DEFERAED MIOLE BEGISTER /7

RAM. LI

Flgure 3=-28 CLEW +(R2Z} R4 Cléar Watd

 "hi= Efxa.mt:-'le, Figure | "2‘8 3E-nt:~'=. . & Clear wWerd ilnst Tuction  ysing

gutodecrement  indexed qode. . The Cantents 2t Ri are dscremented Dy
twi, nihe dzba size in bgrte:.. _"E‘he_ itrdex regigzes, #4°, .3 .._.L._lpl ad by
1t ils added to the contents af %2 to Form

-

the operand address. Since a slaar word ir st'-'-‘“t L 1s specilied, -twe

Dytes are clipared.




INSTRUCTION SORMAT AND ADDREES NG MQOEE -

‘Example #5:  ABSOLUTE INDEXED MCDE, CLEAR LONGWORD [NSTRIFCTICN

Iagtruczion Format: CLAL W XL0L20RI]

BEFCRE i35 TRUC 0N EXRCUTION

. . . F2
224, cg QA0DONIGS
137 21
021 £ . 5;514—2141‘5
L2 32
BDoo1Qe 3
1w AT
OG0T 2R
AFTEK SNE TAUCTIGR EXECUTION-
1028
(+h] -

ler b (i

1028 0 GCHMTG0S

aEm 1] '

CRIZIE FIF CLERS LONSIWOAD RETRUITION

DO03000

Maani 'MOEX MODZI FES 5724 R
DAIGE0OT ZASALITE MGRT
QoiaE002 1

R O AT : A EE CFEAAND

LU P

Figure 3-2% CLRL ##°K1J1Z[RZ] Clear _ongword

Thiz axample, Figure 3-2%, shows g Clesr Longwoed  instrugrion wsisg
ahisolute indexed mode, The base of 20001512 -2 i-dexad Bv R2 whicnq
- : = P . : F . I . e ] -

SORTaELnS S3ince a lagrgward data type 1s specified, Txd = 13i1a0,

AL, Thkiz ~vaiye L5 added -5
iz the cperand addrass, aad Faur  bvees  are
Sata type has been specifled,

wrich Dbecomzs the
yielding OG0OLO7E,
clearad since &

-
Ml
¥

Foia -5,

L B

0
=
2 .
% -3
=

o
1
Ll
fod

OTOL N TSNS U 0 T e et e T ol ol ey el mm s m sl s s e —— p— ey 8 ) R (S L SR, N P MW N N M s (R S NN ) S S L ey L R R ey L L R e B R P P P, . TR L



- . INSTRUCTION FORMAT AND ADDRESSING

Exampis #6: DLSPLACEMENT INDEXED MODE, -CLEAR QUADWORD THETRUCTICH.

trstruction Format; CLARG Z(R1)IRI]

FEFORE INSTALCTION EXECUTION

ADDRERE
Rk .43
ooooeazs | e CO00000S, }
OGODOIE ET) -
(a3 17 [ed 13 g 8 EYTES PER OUAD WHRD

BOnGANI S 'y
W i B2
oeandcEs 49
woNaIe | 34
THIDME 3 Ly
-"1.,.'_‘-"-

E] JFI-IEI .:I.HDE}:]

EDHI'.EHTE -.':I- !
‘arve EIEE.F‘_M.EH'EH'

 pbtoeon?. - uetmn;.:-nats*
TOODCAE - RDEX

- TOROABTA.  INOENED DPERAND ADDRESS

* AFTEX INEFTAUCTION EXECLITICHN

& AESS i '

EPRCE " A1 . Al
OOOJADZA ol OOGO4DEd- | - § GO0
DRI o - T
poooaat [ :
- BsAanEh i
QOERIE an .
Atz o
OO 036 bl )
BOODAGd 1 o '

fAZHINE CODE: ASSUME STARTING LOCATION CODRANM0

GRCDDE 709 CLEAaR AR WOARD HSTEGCTION
. AN M'E!-DE. AESTES B ¢
Ma‘;ﬁ-‘rﬁ&uEFERHFD w:-::le HEGIETER A0

© 000060

nooozhay

-

Figurs 1-30 CLRQ 2(RLITRI] Clear Juadwors

Thiz sxampls, rlgu*-'f: -‘i"J‘u: sticwg a Clear . Quadword Lnastruction . using
displacemenz index mode,  The byle. dlﬁ'ﬂl&u'&‘ﬂ&n' 21 WG L5 gdced. Lo one
mcmtant of Bi. Tha index. -:hich is: n:au. ~ylared as 74 iz added to .Lbis
cgddress. This location and the . _r:ce;u seven lacatiaons lsince a guacward
iastrodtion i3 specified! are sleared..

SEA-E3

- ——

CMODES

e o -l



R

INSTHUCTION SORMAT AND'ADIRSSSTNG MODES

Example #7: DISPLACEMENT DESERRED [NOEN MODE, MOVE LONG 1NSORICT o

[nszrucerion Focmat: MOVL <~%X2¢iRIVIRI), =5

BEFGFE WSYRULTION EXECLITION

ASEAESY
FACE a1 . _
soacar 12 . dhig e A BVTES ML LANGIRORL
gl 2 1 Al = 10 g4 DEN
00o3Idra . f RE - [ Sonooons
e ATTER I g
COLGG I '
THIC | 026 - ] el L CONBHTS OF RI
snOrey w1 C0OODD1S OLSPLACEMENWT .
[ . —
Q0301028 a3 T OODSIGRA  AUDRFSS OF OREAAND ADTRLES

e e i dd

; 1 % 24337010 ABER
L o] 1 . - A0 nhbFREES
ass2 o QOAGGTD NDEX

43332233 23 o~
44337753.- a5 L2 INDEXES OFERAME ACDADSES
441312222 E7

L43T1375 as e OFEAARD

SFTEA INETRULT 0 EXECLATICN
. B
R=c s R B
. ' : [1R3

) CUBOS0C4

T
o BHTaR230)0

MACHNE ZI0E 23 SUME 2 TARTING LOCATION GO083000

'TII.'.H."-':I-EDIJI:I HC0OE FAR WEYE LOKRSWAAS :51'5.1,.{1.,_.'-4
e T INGEX MGRE AEEISTER B3

OO3300% SIGHED 3V TE CISPLACEIAENT. RES: 51:_-_-. A
D030 SPECIFIZA EXTENSITN

L REGiSTER WEIE ASCISTER 4n

AR TS

Figure 3-31 wCVL °X13(R1ilR33,R3 Mave Longward

This exsmple, Figure 3-31, shcwe a '-:-::n*.ae _LONg LRSTrUSLLIn
diﬂ?laﬂement'-iufe:réd"1ﬂdEﬂﬂd didressin “le displacement of
adaed bo the contents of Rl yie:d: nc':uUL EE The contentst ol

Location E"E the coerand” acdr&s—.: c.JlEEEEIL. This gu ar."-tnr 14 added to

the irdex yieldi-g the indexed dperanﬂ " 3ddress  of 4431.—!.!.“'
conTents o this address aze moved “ntao 13, :

-1t
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INSTRUCTION FORMAT ANT® ADDRESSING MODE!

“3.2,:,2 Brogram Counter Adﬂreasing -

mecister . [5 13 the program souater {PC), It can alss ke used &5 3
register In  addrezsing modes.  The processcy incraments She grogram
sounter a8 “he apcede, opecfand specifier, and immediaste data or
addresses Iof the instruct.ien) are esviluared. The ambunt shat the  2C
is incremented i3 determined by . the opcode, number of opesrand
speciiiers, and so on, :

The PC can ne used with all of the addressing modes except register of
index - mpodae, gince- . in thaze rwo modes the resuits will be
unpredictable,” Tableé 3-5 hlsti the’ aﬂd“Ebﬁlﬂg mocdes thaz uze the B
4% @ genersl vegister.

El

Table 31-% Program Counter Addressing Modes

Mode  Hame - : Assembler © . Funition
.3 immediate [*§0parand Consteng ﬂperaﬁd faltcﬂs.éﬁdress
tndh
3 Absociute | . d#location . Absalute adﬂ*#ﬁs fullews address
wode - R
S 3yte Relativa - . 3GIRC) Displacement iz added zp current
: wige of BC fo obtain operand
sddress .
C  Word Relatciva WoG S
= Lengwerd Relative. LoGIPC)
3 Byte Aelative AR GIPC) Dispiacement is added o current
Deferred of BC o qive the addéress of the
: sperand address
n Ward Relative el g=lal
Deferred
F Longwsrd Reilative L GIPC)

"Deterrved

[ ¥
1
[
[}




INSTRUCTION FORMAT ANQvSDUREESLHG_MODEE

Itrgdiate Mede (Figure 3-32

AsEenbler syhtaxz- ["#operand
Mode EpeﬁifieE: B
: i} o7 24 0 o
- CONSTANT ! | ¢ '
SiZE DEPEMDE
OM CONTEXT
L RETS

Figure }-3% Immediate Mode Gpersnd Specifier Formatc

"BesCcripr.on: -
This meode 13 avtoincrement mode whena the PC is  used as  che  gereral
regletar. The cocrtenta -of tke location following the addressing mode
are inmediare data.

=3k
e e T T = = T VIl = s = sy = IR R iy R Tl T T Ry S R S o o o o g g T B s e o o — ¢ o—



NS TRUCT [ON FORMAT AMD RDCRESSING MO

‘Bkample: [MMEDIATE MODE, MOVE LONG [NSTRUCTION

LB
4
n
il
L]
[
i
1k
1
i}
i
|
o
b
H
i
ir

EEFDRE 1 STRLUCTION £XECUTHIS

(

.{xaassaa

Do 2
FOIE13
- DM
G0t a
alule il )
COO01 ¥
vl s LT

AFTEA INSTHULTION EXECUTION

NG00 E ¢ o8
| DGO, =
DOUOTE 8 .
o0Qe1 07 7 o
Figura 3~33

This example. Figure 3-31,

immediare mode. Trhe

3
Jl‘ IMMEIATE ATA -

. REGISTER MODE, REGISTER R 2

mpediate data (00050508

MOYL 1-#6,Rd

':IP-CDDEiiH-t MOWE LOBG IHE'ﬁIJI:"'TﬂlH-
CFERAND SHECIFIER k-'.l?ﬂ-lr{EFlﬂEHE:'l' F".'- A E AT F‘l

R’

IMMECIATE
nEyy

™~
(e

A4

s

MOYL I7§6,R1 Move Longwart

=Oows @& Move Long

and operand specifier are moved co R4,

[P
4
Lad
-4

TNstruction
following

4

the opcode

(!




INSTRUCTION TOAMAT AND ADDRESS (NG WOIES
Apgalute Meds [Figure 3-3407

Assembler Svatax: Zflocation

Mode Specifiery 9

TR

AQDRESS e | =]

Figure 3-34 Abszlure Hude'GPEranﬁ Specifier Farmat
Descriprion:

Thiz rode iz dutoincrement deferrsd using the PC  az the general
register. - The  contents =f the langward follewing the operand
specifier iz the operand address. .This is intetpreted as an  absolute
address  {an  addérezs «hat ramains constant no metier where in memory
che assembled Instruction i5 executed). '

3=-338
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INSTRUCTION FORMAT AND ACODRESSING MODE

Exampie: ABSOLUTE. MODE, CLEAR-LONG INSTRUCTION

[ng*ruction Format: GCLRL 98" HeT4533

BEFORZ iNSTALCTIZN EXECUTION

ABGALEE
kL (WPACE L
. ooen2 4] UPGUIE IR CLEAR LONG INSTRUCTION
S+ +te 1= R & O ST GPFEAAKRD SFECIRLA, AUTIIKSREMENT DEFERRED PC I ABECLUTE
DOUNE 01 4 .23 S i X

£ah0101 4 o '
e | = 1}1399:1.”': AODHESS -
obpdie:T o T

pogergre |

TOST4531 423

- OETAKAE a5
IOETARTS 72
HETaki6 L as

J—

SETEA INSTHUSTION EXEZCUTION |

D TaRId et
e F4EI4 O
T4 S R
Lt lr L Y B
. .

ke
- ELEE T,

Figure 3-3% CLAL 347674533 Clear Longword

This exampie, Figure 3-45, shows g Clgar Longword ins-ructicn  using
tne absolute &ddressing mode. This instruction causes the locationis;
[zllowing nhe operand specifier to be taxen. as the .address of the
apecsnd, and 13 00872513 in thiz case. The laongword apersand
assotiated with this address 1s cleared. :

339



CHSTRUCTION FORMAT AND ADDRESSING MGDES

Relacive Mode (Pigure 3-36% - : . CoL T
Assemzler Syntax: 573 - Byte displacement
ATD - Ward displscement .
L*B - Longward dlsplscaement
Mode Specifiier: A = bBvytsi
£ - dwordd
E - (longwsrd)

15 M g7 mg m.
DISHLACEMENT | & - | @ g JEYTE
o N ; HISP LACEMENT

23 i 4 50 i

_ i WORE
DISPLACEMENT -5 F |oisrLacemznT
” [RO7 0403 G
: , .
- 17 e . |LOMNGWSAD
| DESPLACEME £ . {OIEPLACEMENT
L I

Figure 3-36 BRelztive Mode Cperang Specifier Fargmat
Dezcel QE; n:

ThiE mede is fig
TEQISLEr, The displacemest which follows tne operand specifer
adéed o the PC, and the sum becomes -ne address ot the operasd,

mode  Ls useful  far writing position independent ccda, since

location referenced is 2iways fixed relative tog rhe 20,

splacemant aodz with the PC used a5 cha Jengral



- . INSTRUCTION FORMAT ANT ADORESSING MODE

Exsmple: RELATIVE MODE, MOVE LONGWORD INSTRUCTION

Inssrucsicn Format: -MOVL “X20516,34

EEELRE INSTRLL TN EXECUTIGN

Ad,
T n.ﬂ-F_!FrESE : R
s SPALE . sae0
TEoONM? F 02 b OpEODEROR MEVE LONG
GooCIaty’ f TCF f . {irSPLALEMENT MODE WITH FC
310t q E o : MERT = 1
e V| L DISPLACEMENT = 1000
oockoss | sa |7 . REGISTEA MODE, REGSTEN Fa

oexizeiF | oe LA WORG

AONDAET 5 CFEA&NT
‘NeODZOts . p. D .
s g

AFTER INSTRLCTION EXECUTIGN .
. A

BOBEGOTT

o [ R TH-|

Figure 3-37 MOVL ~XKiZ018,R4 Move Lunqwuéd

,This example, Tigure 3~37; 2hows & Move Long  imstructidn  using
-relative mocde. - The word follawing the operand ;mec;11e1 iz added to
the 27 to obtain the address of the 2C.

:01 thig gxampls, the PC Is painting T3 .ocation J0O0INIE  afi-ar -=a
firat operand specifier i Ev&;uuL - The word fu‘lch1rq the Firsct
cpepde ané firat apecand- 59?”1'15r iz 20003000 and is added r2 the 2C
The resolt iz GO0OEROLA. kiz wal:e represents the address of :h1
longwors operana (03680770, The operand is then moved o regizter
Rd. The PO contains 00001017 aftac ipstruczian sxecvetison,

1-41
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T IHSTRUCTION FORMAT AND ANDRESS LNG MODES

Relative Defarred Mode (Tigure 3I-1E8)

AsEarnpler Syncas: 3E°D - dvite cirsplacemene deferred
AWSD - Word oisplacenent defespad
ong

4
L
ha

sL™0 - Longword gdisplacenent deferred

MoGe Specifipr: 8§ ~ (oyze)
: B - (wasd)
F - {ilangword}
15 L gso7 [ Xoris) 20 e
DiSPLAGEMENT | = 8. 5 EHSPLACEMENT
- DEFERTED
A : : : . fi) )
E?____E%EL__EQWGFD
[BiSPLACEMENT - . a ' FE DISPLACEMENT
; [EEEARED
’ Djlp — 45 LOMTWORD
CIFFLACEMENT ¢ . | B ! F DISPLACEMENT
(EFERRED

-3 Gy

Figure 3-18  Reiative Deferred Mode Oparand Specifier Format

Dezcription:

This mode 15 similar to relative mode, except that the displacement
which follows the sddcassing mode is adéed o the 2C and the sum iz

the longword sddress of the address of the operand. This addrassing
hode 15 useful when processing tables of addresses,

g e e g ] T T T TS o T N P T TR T TR A R T iy ' "R s B R T 1 YT 1 e e ey g ] o ey e o ey g Y= I PR N G I Y 5 e el o) e " B ol e e



INSTRUCTICN FORMAT AND AT EJF'.E.E: SING MODE

‘Zxanple: RELATIVE DEFERRED MODRE, MOVE LCNG TNSTRUCTICN -

Instruction Farmat; MIVYL 22055, RE

This example, Figure 3-33, shows a Mave Losg  inshou
002050 capresents  the 2déress of the opersnd. A& byra

wouid be selected by the asserhler since the displacement
125
Lhe

is

program counter s pointing = 03002003, The displacemenc

BLFGAE INSTA ST IO EAECUTION

P:““mt . e
DGR bt WIVE LOMEG OPCOCE LA
OE0T00 BE BYTE DaGFLACE MEMT £ ROk PC
OEn22 El BMOLNT Q& CIEPLACERENT
et ly i1 52 . | REGIFTER MADE REGIZTEA 2

) DISPLACERENT
- . CALTULATICN
AOU0z05G o . o 0SRaAmE
CO00IA ED OAERAND . L
QOONIoEE aa | SROAFS3 0 2018
DODCIGST oo | r
Fmp
—— .
A HI T BT
CEHWIRG LRy
DOGOE00? 23 CFERAND
ObHn03 SNl
o
" AFTER INSTRUCTION EXECUT: OK
i
E Q1234547
A Sl

Figure 3-3% MOVL 2*K2050,32 Move Lasgwsrd

-
=
[

{decimal!) addressable bytes. When che displacemenmt s evaliuated,
of 40
added to the current walue of +the PC =8 give the addrass of

cOr02050. The conternts af tfthiz address are Khen used as the address
af the ppesand {9020&6080) =2nd the operand is movsed to RI.

i-33




INSTRUCTION FORMAT AND ADDRESSING MODES

J.2.2 @ranch addressing

in Zranch digplacement addressing the Eyte or word ZisplacsTzsst s
sign-excended rta 312 bits and azdded to the updated costent of the 2O
The updated contents of the PC are che  address af  che Tirst  hvte

=
LE:*E: Lhe Dperand speciflar,

Branc-h addressing (Figure 3-§i5

Azsembier Syntax: A
“ade Specifiar: . None
07
JISFLACEMENT
B¥TE DISPLACEMENT
15 o

CISFLACEMENT

WD DISPLACEMENT

HA. PR

Figure 2-40 BHraach Addressing Cperand Snecifier Fasnas
Degisigtion:

in branch glsplacement addressing, che byte ar wopd displacement is
sicn-extended to 32 bits and added te the cpdated contents of khe PC.
The cpdatec Contents of cne 20 15 the address of che Firg: byrte &iter
the operand spesifler,

The assembler notacicon far byvce and word aranci displazement
addressing s &, whgre A 13 iz branch address, Note <he branch
address and not the displacement Ls usad.

Sranch instricticn are most frequentily used after ins<ructicgns like
sorgare [CMP! and are used to cause diffarenz aczions depending an tha
rezults of the Compare.

T T el Tl 6 P ol I Y e il I Y N 8 T D e T 0 R et W o I R o T S P 0 P e s PRI W PR



Txanple $2;

UNSIGNED BRANCH

This example causes a branch ro leocaticn

nat & digit li.e., T 1s treaied as sn

INSTRUCT ION FORMAT AND ADDRESSING MCODE

cucside the range T Through 2.

CMPS ©, E7AF0/
BLSSU NOT
CMPB C,# ArS/

BGTRY NOT

BRANMCH QN BIT

385 §Z,8,%

BASC #1.3.¥

SLEE B, X

rCompare C oand ASCTI
jof digie 19,

;Branch to locat.on NOT 1
runsigned 0.

sCompave C snd ASDTT representacion

rof digie 9.

NOT
unsigned avmker

L C i=

representakblon

;255 than an

;Branck o locatian NOT if greater thkan

;3 unsighned 9.

;3ranches 2 X if bit

sAranches to ¥ L b
rangd hit is then ol

sIranches to X

‘m B iz =e+s (=11

i B 1% set

af B 15 set

——— - e o b o e e
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CHAPTIZR 1

INSTRUCTION 5ET

.1 INTRODOCTION
Thig ¢haperer deéscribes the ingteoctions caed by
C=. The MicrmaVAX 76032 CPU  ippiements @
in;:ructiuq set. The instruction fet ig divided
maior secticons:

¢ Irnteger-arithmetic and logical

e« Addraess |

& Varigble length Lit field

& Controi )

e Frocedore call

a Miscellanegus

s Dueye

m Charac+ter string

| f.];r&:'a:inq S¥yataM SuDpovTo

s floating poing

e MicraWAX

subset
LAt

s Tmulated iassructions with microcods assist

of  the

TBO32

VAR

the fallow:ng

2 soncise Zist of - instrictions and oponde  assignoents appears

popendiy A,

10

s, -



THSTAUCTICN 5ET

4.1.1 Instructian Desc-cipec.ans

AWlilnin each wmajor sscticn, instristions which are o osely rplg-ad ars
mombined  into dgrowps  ané descoibed tooether,  The Qiastroctior qrein
CessTIpnion (2 Compezed I the following: )

F
]
F
T
A

TOUp nadoe. '

¢. The former of each lestruction in thke groug. This gives the rame
and type of <2304 insiruction operard snecifiers asd the ardar in
WIlion L appears in memcry. Operand speciliers fram left =g righe
gppEal In lncreasing memory addrasses,

1. The operasinon of the instrustion.

1, The effacc an condizion codss,

5. ExcepL.ons sgecific o -he inscrucsisn. Txceptions  whizh

[} Y . - . . Et"d—:’
genera.ly possisle for gll instructiors 18.q., 1__eg;1 or reserverd
addeessing mode, T-bit, memcry manggement violations, ateo.)  are
not listsag,

B. The opcodes. mnemcnicz, and - napes af  each  instruction in the
graup. The opcecodes are giver in hex.

1. A descriptior in Eaglish af she instructian.

. “ptignal noctes on Lhe ingtruction and prograrming sxamolies,

t.2.2 Operand Specifier Notatian

dpevand 2pecifiprs are descriked in :he.E:l;nwinq WAy
“ndmesr . <accass LYperT4aca tyner

where:

1. MName is a suggestive name for the operard in the
insteuction.  The name is often aboreviated.

© of the

[l
L
T
it
"

<. ALTZES3 Ltype ls 4 letter denoting che aperard specifier  ac-éss
Eyne: '

A - CTalzuiate e gflecrive sgdress o
coerand.,  Address s recurned inm lorgword
which s the artupal instruct.on omérand. Conrexe
3% sddress celeulabion s given oy <daza typex:

2. s1ZE g be uﬂed i AuTSincrament, autoadacramen

and lndexing,

tihe specificd

(=1 o 1

o

-

L

[ e 0 i ol e o s 00 Tl I 1 il ™ o o e om0 1%y, e e e s o s e o = o o o o 5 oo i = 5 mommee m o omn



THNETRUCTION

L)
I

¥o gperand reference. Jdparand spacifies o
praach displacemenz. Size 27 brench disp_acement
is givan by <data type->.

m - operand is rzad, potentiaily modified and writcen.
Hgos=a that this I3 NOT an ndivisipie oemory
aperation. Alse note thas 12 the operand is nos
actua.lv medified, it may not be written Dacik.
Hewever, podiliv type operands are always checkas
for hoth read and wrize dccessibilivy,

L

operand s read only.

v - Calculate the effective address of the specified
gperand. If the affective address {8 in memcry,

the address Is returned in a langwerd

which fz ethe actuzl instructign opecand. Coniexs
af address calcuiation i3 dgivea by -cata cype=-.
If +he gffgortive address (= Bn, the operand is

in Bo or Rin+l]'BA. -

w o~ Operand 13 wrize cnoy.

0
i

[

. Data -ypw

E o~ oy

a lerrer denating the daca eype of the aoparand:

-t

2

wo- word

- longwoed

g - quadworg

£ - 7 ficaziag

@ - D _rioating

3 - 4 _Iloating

i
'

i o+ first data sype speciiied Ty instructian

vy - sacand data tyDRE Sp

1]

clfied by instruction

1.1.3 Operation Dese-iption Nozaticn

The cmeration of each inscructien 12 glven as & seguence 2§ controal
and - assignment statemencs. Taple 4-1 describes the symzols wusel when

descriging an cperatlian.

S ——— T T N DR - E P e o S i L s




INSTRICTION SEY

Tabkie 4-1  Inscruccien Cperation Svnecls
Symbol Descriphion

+ additian

- subtracrion, unary minus

* MUiticrication

i* ﬁiv;sicn_Equaie:: znly:

) BEpQIant laticon
tAfcATenas ian

== is replacad oy

= o 15 defined as

Fnoor @ind contents af register &0 .

2L, EP, FB, the coicents of -egister RIS, RI4. W13,

ar AR ar BlZ regpectively

PEW tie conternts of -he processcr sta-us word

FsL the cobtents of the processor stacus lang word

Lyl Tantents of memary locetion whose address is x

fn)= SonLents ol memary locatisn whose acddress is x»
& 1ncremented by the slze of ooerand referenced
akt x '

-l A decrenencad by size of operand to ke refaranca
at x; contents of memary lacation whose addresas

L 8 mocifler which delimits an extert from EBis

“Rl,®d, .., xaz
AND

iJR

XOR
NOT

a3
LB
TR
LEoU
ESL
ECLU
NEG
WEQU
GRQ
CEQI:
CTR
CTRE
SELTIx}

REXTL )
REMi W, v

AINU R, ¢7
Madliw, v

s g g i e o L R A B e e

posiTicn x
a mpCifier

Ee it positicn y incliusive
which snumarates bHins xl1, 32, ..., 40

e e L R PR Sy [ 8 e 4 I A B S I W ket e e

arickmeric
Iaatcal AxD
-agizal DR
wogical XOR
iogical {anest complement

Lass than aionad

lzss than unsigaed

lags than 2r eqgual s:ared
less thar 2r¢ egual uasianed

equal siored

paUal unsianed

nat Boua’ figned
oot 2ual unsigned

pasenthe=ses used to indicate precsdamca

greatar than oo sguel signed
gregtar than or egqual ynsigned
qrezter than - sighned
Jqregtar than unsigned
i 18 z2.on extended o size of aopsrand
needed
¥ L5 zera extendsad ro 3ize 3f operand nesded
remaindsr of ¥ divided oy v, sush thaz z/v
and REMIx,v! have the same siga ’
mitimum ensigned of ¥ oand v
Saximum unsigned of x oand v

-4
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INETAYCTION SET

her than that caused by

el b+, oar -4 ), aaf the agdvancement of
TC, oTnly aperancs or porticas of operands apoearing on the lels
gide f dssignmenst stacements are affaectad,

o

0 gperator precedence s assdamed, oLher chan  that  repiacement
[<-i Ras  toe lowest  precedencs.  Precedsrce iz [ndicated
explicisly bv 1 .

A1l arithmetic, logical, and relational operdators dse defired ia
tke context 27 thelr operdncs. For Sxempie " "+" gpplied tz
fizagting —pevands mears 3 fioazing add, whnile "+" applied o oyte

cperands 13 an anteger avte add,.  Similariy, "L3S3" is5 a fligacing
comparison when appiled o floating adperands, wihile "LES" 13 an
inteyer byte conbarison when applied to byecae opsrands,

ngkrucxion aperands are 2valuated accercing o Ehe aperand
specifiser conventiocns., The order in which operands appear i the
Instructian dascription zas o effect on the order of evaluacion.

Conditiorn codas are [rn general affested on the value af actual
2toared resclts, nmetr o on "kpoe" pesults dwhich might be genecated
internally to greateyr precisiont. Thus, for exampie, Lwo positive
integers can bLe added togetier and Lhe sum sterved, Decause of
gwerilow, a5 a negJative vailus. The condition Codes wiil rdizzts
2 negativse walue even thougld the "treoue®  reselt 15 gslearly
QQELKL?E.




INGTRUCTSON SET

2.2  INTEGER ARITEMITIC aND

-

COICAL TNZTRUCTICNS

AL

T

Wl add Aligred Word Tnkerlockad

Formar:
Jocode add.rw, Suh,bw
ODeration

Eop <- add;

isat interlockl:

SUM <~ FUM ¢ NP
fralaase interlockis

andition Codas:

<- sUMm LSS 3;
=- Fum EQL 0;
<= jinteger overflow';
- {iarry_fram moal significant =oztir

P =

Esceprions:

resserved operand fazlt
intager aveprflow

33 ACAWD  Add Aligned Word [rrerlaocked

Descripsian:

Tha adderd gosrand is added Eo the sam ope-and &nd the sum operand  ts

regzaced by the result. The operaticn iz inczrlocked agasins: similar

op2raticng ca <ther preosssscrs in a4 molblpeocesscr sysoem, The

@esriration Oust  be al:gred za & word Doundarv, l.e2., Bit 3 a2f khe

gddrass of the sum operand #Mus: bBe zerc, If i iz sob, & resarved

operarg fault is taken.

Hotbag:

l. frrtegar overfilow ooours 12 she inpul aperands to the add qave  the
game s5ign and the rfes:ic fas bhe coDasiTe sign. On awvsrilow, Tha
sum ongratd is vepidaced by the low order Blts 3 trte trowe resualitv.

A, 1F the addend ard zhe suom cperancs cverlap,  +he resulr arnd =he
zordinian caodas agre gnpredic-abls,
-5
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AR A
Fosmal:
speade aéd.rx, Subi.mx 2 operand
cpcods sa4adl.ox, AGAT. rx, SUR.EK 3 aperand
Speration:
gym <- sum + add: 12 operandg
swn - addl + add2: '3 opervand

Corpdirion

Mo oa— zom LBm G

Z <- sum EQL O-

v <- finteger averflaowl]:

C o<~ [zarcy from masr signiticanc bicis

EaCeDLicns:

intager averflaw

Opzudes;

THETRUCTION 2T

a0 ADDB2  Add Byte 2 Tpesrand

3L ADREY  add Byue 3 Operanc

A ADDWZ  Add Word 2 Operand

Al ADDW]  fdd Worc 3 Operand

Ch ADDLE  Adg Long 2 Gperand

Cl asnli  Add Long 3 Operand
Degscyription:
In 2 gpecand forma:c, the addend operapd 15 added o the sSum . operanc
and the sup operand is replaced by the result. 1a 3 gperanc formacz,
the adderd I oparard is added to the addend £ cperand and the sum

gparand is replaced by the Tesult.

Nateg:

‘nreger overflow cozurs if che lnput operands to the acd have o sans
sign  and the rasult has the oopasize sign. On overtlsy, the sun
snergnd 15 replaced Sy the law order bizs of the true resule.

o o o s o e sl 5 o e e s el B P Y PN




INGTRUCTION SET

AT

-
ui®

Noe-
3
7o
oo

TACEELLONS:

intager

Cpeodes:

Pt A R Adg Wink Carr;
Dasurinricn:
The coazents of the condition code © Rib
added o ke sum apoerand and tre
vaesule.,

HNo-es:

1.

[ ]

o o e e g | g T T T T TS e ke e e

3

Wik Carr

LS

F‘l

sum LSS 0:
sum ZQL o:
finteger overtlow::

fcarry from wost significa

Giarf Low

H=

The 2 acdit:gng in che operatlon are pe

Lo

At batie

and Tnae
UM ODAarCran

[
hoL

addend operand are
d is replaced by the

be sum operand is replacec hHy rhe low arder bits

Fred simltanecosly

e L A T e | e o] e B 7 R Bl o o s e s e E

(34
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rr
T
=
m
T
-
i1
Ly
b
"1y
-

FoTrTAaL e

cocode coar.rh, sfelrw, dst.owx

Sgt =- axc ahitted ot bits;

Coandicion Codes:

M oo~ gt LES U5

& w- d=t EQL O

¥ - {inreger overflawl;
Zow- Ly

integer overtlow

i atatalel - E
7E ASHL arithmetiz Shift Loeng
9 AJHT Arishmeriz Eh:fit Quad

The seurce oparand LS arizhmetically skafted by tha number of Dits
specified by the count goerand and tas destinarian operard Is weplaced
by the rasuit. The saurze cperand is unaffecred, 4 pasitive Zauncs

aperand shifce ko the lefr bringing 9's iago the leas: gigrnificant
Bir. A negacive count operand skifts to the —iaht bringing in  capies
af the most significaaz isignl bit lntc The most signifizant bit. A 0
count eperand replaces the destinatiosn  aperand  witih the uanehifzed

sorce oparand,

Hoetaes!

L. Integer overilow cezurs oo a lefs anift LE any Dbit -shified inzo
the =ign Dit position differs f{ram the-sign Dit ot Lae soadroe
cperand.

:, TF one GTR 1% fASHL) ar ont GTR a4 {AEHZ! the dsstiratlon  SDECESC
iz repiaced by 1.

5. If =nt LEZ -31 GASHLF or cns LER -£3 LABEGE all The =
jazvinazian operand are copiss of the siga kit o

&

&£
Sperand.




[NETROITICN SET

dpcode mask.ox, dst,omy : operand
opoode Mask, rx, src.rcx, dstiww 3 aperard

Sperations

dst =- dfz Adn [NO7T maski; ' coerand
dst <= spo AND WY maskl: v3 opercnd

Condition Codes:

N o< dat LSS 7:
Z =- dst EZQL ):
o - J;
Cos- O
Except Lons: )
Aore
Jogndsst
34 BITE. 2:3 Clear EBvhe .
38 BIZ3al iz Lisar 3yte
Al SiCWd  Bit Clagr word
A A2TCWE  Bit Clesr Word
TA BICLY  Bit Clear fong
Z3 BICLY Bit Clear Lang

DESTCrLlpLion:

‘n 2 operand fosmat, the destination coerand i3 ANDed with ths
compilecent of Lhe mask cperand and the destinarionr coerand 1s replared
oy the resuls, [n 3 operand formab, the source coerard is ANDed

the anes comolemert of kKhe Tasic cpersrd and the destiration cperard 15
raoléecéd by the rasule. :

T e e e s T TR L R R PR S R e e e o Rl Tl BT 7" % "l s e e 8 e e s R o S B



INSTRECTICON S8T

cooode mask. rx, dsk.ox & operand
cooode Mask.tX, sro.rX, Gsb.wy 3 operand

operationg

dz:s =- dstbt OR mask; 2 osperand
dgn - o UR nasR; 13 operand
Condizion Codes:
N <= dac L3& 0}
£ ==~ dst EQL 0O
¥ o=- 0;
LI
Exceprions:
nene
- Sprodes:
o5 HISB: Bitk Set Zwte 2 Cperand
29 BIEBES Bit et Bvia 3 Cperand
LE BIsWz Bit Zet Word 2 Cperand
A5 BIGW.  Bit Set Word J Opevand
3 813LZ 81t S=t. Long 2 Opevand
c3 BISL3 it Set Lorg 3 Cperand

Pegcripticn:

in 2 gperand formst, the mask operand s ORed with the destina-ion
aperand and the destination aperand .5 veplaced Dy the resul=, [n 3
sperand format, .the masd oaperand is ORed with Tthe source  operard  and
tne destination operand s reolaced by the result.

ool e = e e o i o'l e B 35— o e R 8 8 B S 8 8 B P o 1 - - o B e e e o 3 - 8 B 3 S 5 S o G R mmm wmm e w m  men



JHNETROCTION 22T

RIT Bi- Teg-

opocds pask,rE, EroOrA
Coeratilcn:
tmp - a2oc AND mazk;

Condeiticn Oodes:

0 <— zme LSS D;
Z - tmp EQL A
L s .j:
S -

3 3I7TH B:: Test Bvie
g3 SITW Biz Tast word
[N BT iz Tazt Long

description:

The mask operard = ANDed with the =source opersns.  Both operznds are
unaifectad, The only actior s te 2ffacst cordizion codes.

e i e ] e e . o g g Y T 1 T TR T o Pl T T Y B oy g W S SERY: F ] B N B ST ] T (7 - = = o s e - e 8 % e - ot o o e e 3 o 8 e . e o e e o g ) e B e



Clear

Zxceptions:

none

Oocodes: -

34
54
D4

1

escript
The de&st
Batas:

CLBRX dst

CLER
CLRW
CLBL
CLRT
CLAG
CLAD
LAG

ign:

113kt

‘s

-

Ciear Bves
TLiear Word
C.gar Long
Cleas F_Iloaking,
Clear Quad
Clear T _Iloating
Ciear o floating

ion operand 15 replaced by

sqiivalent o MOV 3R ,ds%,

It
[
#

b.

.

i

CMBTRUCTI

W SET



THRTRUICTION ZET

NF Compe re

Farma=-:
fmctwde srcl L rW, s K
Tk Rl R [ 4 .

srcl = srcd:

coenditloen CodSes:

Moae zrcl LES seci;
2 - sroL B0L osroid
o= s

T
L
1
L
T
[
I
It
LA
@
L
an
i
i1
o
k

71 CHMPE Compare Syce
Bl CMPW compace Wosda
L THDE, Compare Long

cesIriationt

The scorce 1 zperand is zomgared wizh rche source 2 cgperand.  The o0y
acTian ig o affec: the sondition eodes.

AR TEE 0 LT Talamn n w s an o —— g g o o e g e e o ] e A O I R Mok " T PN o I D T T T S [ G s e e o o s oy [ T O ) ol Tl N Y o Y e T e e Y



Convert

L,

Frmat i

ﬂJLfﬂt an
der Ce Sonvarsioan A sroe
Conrditior Codes:
Mooe Jgt LE5 O
2 «- =t EQL dr
Voe- {integer overflew!;
D 1

intaser overi_ow

Socodes;

92 CVTEW Convers Byie to Wore
93 CY¥TBL Corver: Byte to Long
33 CVTWH {LConver:t Worod fo Hyne
2 CYVTWL Copver: Word bo Long
THOCYTLE Copvert Lorn3d Eo 3vie
FTOCVTLY  Conv =ONT O WorD

Deascription:

IHMETRUCTION 5=7

The zource cpecand 12 caaverced b0 the dakzs tvpe of  the destiaating
cperand and the destinariorn oSperand fs  reglaced by  the result.
Conversicn of a shorcer Gaka tyoe 7o a4 longer is  dore by sign
extengion: conversion of Ilpager to 3 shorser 18 dore by truncation of
the higher rumbered ‘most sigrifilcant) bits.

matez:

‘rkeger cveriliow accurs 1f ary truncated Dits of  thae  source  apsrsad
are ot 2gusl To the sigr DLt i Lhe destiration ooevard.

wli

T —

S S S T T S S T T S T S —



il
L=t
i
]

eLremens

Format:

cocods diLf.my

Jneraczizan:

Gif e~ dif - LI

Tonditlon Codes:
¥ ow-'3iI LES Ip
e == 31D ECL I:
Vo= rinneger oaverflow:
‘h

M=
.

O Tow

._.-
a
-
]

0
o
4]
b
rny
|-
B
A

Corodag

QECS
LECHw
DERZL

SJecrament fAiyte
Jecreneils Woard
Jecremaens Lang

(WY
ol -

Descriptilon;

tne 15 suDtracted Erpm the Adiffergpnce

a
iz re

OPF2rand the result.
Notes:
- IAzager owvarllow oCours LE the

ovaeprflaw, rhe dif

ive intacer,

drcremenzed., on
ke largest pos:is

2, DBECx 2if is equivalant ko SEBE<Z 54
g n =TTy
-

e o e o . e e . e e R g TR TR W} Y —— g e

r
irte mose =sigeifizan: ol

e TR Pk ] R 4 RN o Pk T ed T ®

cperangd and
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INETRUCTICON 3=7

DIy v ide

Pormas:

apooce divr.oox, Judo.mE 2 aperand

ppooda dive.rx, divd.Tx, guo.Ye i operand
Dperations

g <- guo S Alveg 12 coeraad

gquo <= divd [/ davr; '3 coperand

Condition Smles;

¥ - quo L3S 0:

L <- gua EQL _ L _
owr finktecger overficow: OR idiwe Z0L 0f;
C <= Lr

Exceptlons:

integer overtflow
diwzide by zaro

Qpoodes:

Ao JivHEE  Mriwvide Byte 2 Sperand
37 2WAF Diwide Hy:te i Cperand
AR DINWE  Diwide Word 2 Operand
AT 2IVWE Diwide wWord 2 Jperand
Ce = DIVi2 Divide Lorg 2 Qperand
c? JI¥LY Diwvide Long 3 Operand

Descripsian:

in 2 goperaad feemat, the gquotient sperarnd ts divided py the divisors
opacand and the guotient operard 15 replaced 5y the resalbt.  In
apecard format, the dividend operard 1s divided by zhe divizor operand

and che guctiant operand is repraczed by the resulr,

Lot

Hobes:
1. Inmteger overilow occurs if and aniv i the largess Segscive
inkager  is divided by -1, ©On ovesflow, aJperands ars affelted as
in ¥ote o,
I

Rl el LT T



CcHETRUJDTION 38T

I

i, b the divisor aperand 15 0, then in
ig nut @flfectea; n 3 aperzn

[

[

Cmerand
25 replaced by the divodend ooerand.

1 e e gy e

= ——— T T T I T T P B

B Pl S i e . e e e e e e P

ad formarn the guobisnt
A puorien coerard
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THSTRUCTICN 527

Formak s
sprede dive,.ri, divdorg, quo.wl, cem,wl
CERCat1ans:

queo =- divd S divr;
refm - BEMidiwd, divels

Candirina Codee:

[
'

«- guo LSS 2
.- gua EQL D;
- itintasar overfiawi OR <divr EJL

o
R I
[}

The dividend operand is divided by the divisco operand; the guocbtienc

speracd  is  replaced by the gQuorient &nd the remainder cperdand s

repiacad by the remaindar.

Notes:

T, Tha diwiasion is pericrmed such thar the remainder sozrand lunlass
ix o is 2) hasz the same sign as the dividend operzrd.

z, n avarilow ar if the divissr gperand i1s 0, ther the guctiens
coerand is replaced by nits 31:0 <f the dividend operznd, and the

semairder operard :s5 repiaced by L.

oL e U —— g ¥ P T " . et




SNETRUCTION SET

=n
=
Lz
rl
L]
:“:
21
a
a
[
s
[

Multiniy

ormat:

cpoode Gulr.rl, mula,

Dperakion: '

orod <- {muld ¢ omulred

Condicion Cadesz:

Now- prod L35 0
& ow= frad BOL D
Vos- 3:
Cow- 3

EXCentlons:
nans

Jpoodes:

7a EMOL Extenced HMult

Jescriprlan:

The multiplicand opervand is
SIWIRG & quadword rezult.

- BEET(azddl;

1@iv

multinliag

hy

-Ee

muiciplier

apaerand

The adlend operand is sigr-ewtendsd -o g

cpadword and added to tne resule,

tne figal rasylt.

The product coerand s replaced G

I il o T T L T T S P S —



INSTIALCTION

INC incr

a

T2t

Formar:

Jo0ode SUMm,.mXE
Qperatrlan:

SuR S- SUT - L

Canditisn Codes:

W o=— gun; LES 0

& == 5um &L O

Y ow- fintegar ovarflowl;

0 <— lcarcy from wmest sigrificans bizi:

=
=i

It

ept lons:
integer averflow

DpCodes:

TE INC3 frcrement Byte
Ebd - THCW ircremeat Ward
1) TMCL Incramant Long

DescrinTian:

dne iz added to the sum operand and the sum operand 15 repisced by the
reElit,

Notes:

1, Arithmetic averflow occurs if the largest masitive  int
incCrapgntans, on  owarflow, tne sSum operand 15 repleced
ilargest negabive integer,

Z.. INCw sum is sguivalenc c©o ADDNZ E7#1,84m, Sut 58 1 oyie shorters,

W+

1
r
el

EET



INETARCCTION BRY

ML M

<= MNIZT sror

N ow- gxt L35 L
I o-- Sgme EQL O3
Wow- O
C ow-

Eiceptions:

Loe

Mowve
bt S
Move

Z MM
A MM
Fy M OHL

Dascripticn:

Complementad
Carplenanted Wood
Copplerentad

Movwa Conplomentsd

The destinatizn aperead is replaced by

BouUrc2 aperand.

e o 2 ¢ o e . 1 e [ P G e . . . e e

1
11
.1

T T I L L O e

the gnes

corplement of The

e G P ST W P il B e i id (WP PR



OUecacions

Wo<- dgt LEE 1,
Z «- dst EZL I
o= binteger averIlod!;
Z =- dak NEQ [

Bxceprlang:

intecser overflow
Opredes:
MWNZGE Move kegated Byhe

MNEGH Move Negatced -Word
MHEGL Move Negaced Long

g
LT e I

The Zestinaticn operznd 15 replaced ny o che negacive 1o
opoarand,

ah
=+
T
(4]
]
ot
L |

i

MSLEes:

L. Inteager awvarilow oosurs 12 the sSpurse operard  is  the  larges:
negat ive ifragar iwhkicsh has no positive  countergars).
ayerf low, the descimarion oaperard 15 replaced oy the source

sperand .

2. MHNEGW sroc.vy.dsc.wx 15 equivalent to 5U3xI sro.rex,5780.ds-. 0k,
is ons byte shorter.

.23

=

Bz




INSTRICTION SET '

ANEN ' Mizve

cupzode arc.cox, d50,ww

CperaIiogn;

Comrditiorn Codes:
Now- dst 153 0
I - Sst DL D
o T
oo 2
L

Excaprions:
IGnRe
Opcades;
a0 MOVE Mave Syte
g MOV Woswe Word

Gl MCYL | Mova Long
T MOVY 0 Mowe Quac

-

desoriptian:

The dest:inarisn cperand 15 replaced by Ehe source operand.

P

- o e s . e e e e P PP TR = P —————— ar P S S




(RETAUCT[ON 5ET

P E Move Zero-Brternded

|

QpCode STo.Tx, dAST.Wy
CReraticn:

dat <~ ZEXTisrc);
Conditicn Codes:

o e

-
oo

o

-
-2

2 -

103§

wa w1 A
rt
Ll
L)
[
[

M=

o -

ExCRptiong:
Forna
Opondes:
TB MOVZBW  Move Zero-Externged Byts ta Word
Za MOWEAL  Move Zero-Externded Bvta o Long
C MOVZWL  Move Zero-Extended Ward ta Loy

JesCcrlption:

For MCYZBW, oits =7 ST the destinacian operand are replaced hy  she

aoilrce  ooDerand; bl «]5:8% are replaced by zerc., For MOVIERL, bDizs
f zhe destinatiocn opecand are replaced by the sScurce scperand;

gits =313;B> are replaced by G, For MOIWIWL, bits «13:8%= aof rhe

destinat tan apesand are wepiaced by the source operand: Diecs <ilile

areg repplaced ny 0,

2T elx n

-

e o 5 o n o o e m— o e o o R A W R g — o .




INETRULT !

e o . s g

ON SET "

s
!
1
]
o8
1]
=
e
i
+
i
a2
1
-
ol
L
=
[
[ o]
Ld
T=
L |
|

socods moaleo, o, muldoox, prod.ws 3 apesand

crod «- sroed * oyir: 12 operand

nrod - muold * melrc: 13 eoeranc

Candizian Codesg:

¢- arud L8RS O
o=ad ECL O

we lintecar ovartiogwi:
<= 0

R X
-
|

Exfeptions:

irtecer overflow

CpTodes: ’

Tescripticns

Iin & woperand Farmaz, Che prodocs ofuerand ‘s moltioliad
muitiplier operand and <he product ogerand ls raplaced Dy khe

of the dounle lengrhk resuit, [n 3 ocperanéd format, Lhe Ao Tipe
sperand i aultiplied by rhe multiplier speraad oand kn
vperend is replarved by the Zow iall of rhe double lesacth resilr.

a1

-
=
LB ]

Al
A3
4
€3

M”iaﬁ Muleiply Bvte
HULB] Mulriply Svto
MULWZ Multiply Word
V'HE "ult1niﬁ Word

ULLZ Multiply Long
FULL3 sultiply Long

Ak Dd Gad Pud ojar I h
958,
mh
b
[=T]
=
R

MNotes:

Integer overilow o0curs (f the a.gh Ral? of the double  Taraokh
ig not sgual rs -he sign extersich o sha Law half.

——

ST s e ] [ g P P i o e 0 S Y T gy ol ] ] e s, o o o o o e o o o s o e, o

AL L

2% 2he
fow nali

ioand

w Erodos s

T L e A LR L e o



PSR

Formar

Conéiklo

r.

B
il
T
Z

L
[
(]
o
=
]
= |

r89P1 =- &re

Codes:.
cw gr- TaE
- Bre B
ﬂl
- a3
- s
-

EHCenklons:

aa-

Desar

r

aong

ptian:

The lopgword soures

o

Long

sperand iy ousied on the stéck.

pquivalent To MOVL src,-[(SP1, but

L3

YELe sAQCTer.

R S

[RGTRUCTION 5Z7

L ——



INSTRUCTICN =27

AaT

DJperstnion:

dst - src ratared ork biks
Coanditicn Codess

W <- Az« 155 I;

I oes daz EQL O:

LIS - Mmoo

T

S

IXrepnians:
none

Oogndas:

(3]

Z EOTL Rorawe Long

Jescripkion:s '

The =aurce opevand . is  rotited logicaily by the number o° Livs
Spesiiied by the Count aperand and thke dastiqaricn apsrand 1= replzced
v the resulc, The dource operaad 18 unaffeccac, A positive  cousc
aperard roraies 5o Lhe Lafr, A asfacive Tounc aperand rotates o +he
Tiahat. A G cc;rt CRErAnS r2pldces She destingk ier Jpedand with  Lie
sCuvCe aparand,

T R A RS S P e e 1 TR WS i g e+ R ) 50 Sl T 1 D M B iy g v g e o e



SBWC SupLracs

soode sum.ThL, dif

T1an:

]
¥
1]
b 8
]
1"l

Jdif <=- 8if - a4b -

Cordician Codes:

H o<~ 31f 88 0O:

Z ra Adif EOL 2
YoE- | ilRieger over
E 2= {mmrrow

[af
=
Ly
m
M
N
Pt
>
3
4]

3
i+
"
]
]
&)
(]

[he suniranend operand andg
s subtvacied fram zhe 4
is repiaced by the result,

HoTEs:

1. dn overiiow, the diffe
Bing o2f -he crue resul

Wwigh s

Tence aperand

-
-n

CNBTRULTION BET

ll-|l

- 1
CLW T

ae cantents of the conditicon code O Bit
[

£
iffmrerce aperand and the difiererce opecand

tenlaced bv -—he law  arder

]

2. The 2 subtracticas in Che Speration are pertormed simulzameccsly.
i-2%




THSTRICTICN SET

= N TR
B R Rl

R

opeede 5ok,

(R
1
-
=
e
T
ol
7l
1]
4
ai
et
[N

opoode dif.wx I oparand
ComcaTion:
12 aperandd

3 opecand

T
)

Condirian

Woe- AR LEZ T

Z o<— dif 2L 03

YV o«- [integer gwverilow};:

£ - [borrew ines mest signifizant oind;

53 2UEE?  s.bktract Iveie 2 doerand
33 FIA8d Suptract 8wbte 1 Doerand
al SUakI Subtrvact Word 2 Ooerand
23 208Wl  Suktrazst Word 3 Sperand
s 8JBL2 3Fubzract Long 2 Cperand
23 5U8LY SBupzract Long 3 Operand

Descripr.on:

nod

iifferencs
re=zult.

resvll.,

apersnd farmat,
CDIBCAIG
In 3 operand tormat,
ceom the nmiodend cperand and

~he subtrznend operand
anag

iz
difference oper
TOe  suntrvansang

che diffarsnce ape

She

suotracTed
and
Coerand
rarc

=

Cron
+5 TRplaced by
SUDTTSCN
L& replaced by -

Inkeger cwverfliow ooours 1f —ne ooul coarandls ra ke agosrecs  are
Gifferent sigrns 2rd  the sigr of ke resulet is che s.an of
supTraftenc Gr cweriiow, The Zilfsrence cperard s renizced  ov
low order Dics of thae Zrus resuif.

=3

L
I

[y T o

=
L
i

]
"M

N
# e

P T T T s " ] T R



IMETRUCTION 557

nET TEST

N == aprc L83 0

Z - 3o ERL DO

o - |'_|:

L= 0
Ex;ap:;ﬁﬂﬁ:

noane

= TSTE Test Byte
55 TaTw Test Word

L% TATL. Test Lung
Descripticn:

The candizicon codes arz affected accsording .%o the value of the scurcs
cpersand.

Wores:

1
[l
a
e
3 1]
[Fy]
=
[}
1
ry
e}
L]

TSTx =@rC i3 2guivalens to CMPx =2rc, 57580, but

by

g
1
L |
b=

S —— S— S A S W — R Y




e
o
=
Lel

Moloslwe OB

Format:
:pcuﬁé masy.cd, dut,mx
QpCoGR MASH.rH, Sro.ox.
Cpecaticn:
det <« Jet ROR mask;
Aetr - g5r= XDR magk;

Cordirian

Moo

£ <3kl
M
1ol

IXCeRL1ong:

roie

ROREZ
g KRB
ADRWE
HORR
AORLE
AURL2

Cesuripoiant

Ia 2 aperand
cperand  and

aperard format, the mas< opacard .g
enlaced

Lha degtirak:

= me

BrCiuaive
THCLUB1WE
Exclinive
Zxclusive
Exem_reive
Sxclusive

formarc,

2R

R
CR
oR
R

Syta
Jyte
Hard
Word
Lang
Lorg

des, we

12 aperznd

13 aperand

Ladt I ! Gmd 0 Lad o

L

Led

Doeranc
Operanc
TJoergnd
DoETrandc
Dnevrandc
Soerend

Tng maz4 aparand 15 K

Lhe destinazicn operzsnd 15 ¢

an operand

i

-

ik-

i0Red
T ot
i

e e e e e e ] R IR RS L e WS 1 B TR TR WS T B B TSR e U B e o o e n

aparand

aOpRrEnd

it

CRed W
aplaced
ikl the

raszli.

ZestinAaTian

-3

]!
Ehe cosalt.,

auurre opecand a2nd

o o o, Py % ™ e T Y T Wil 7w B Y i



3.3 ARDIRESE WETRICTONS

MOWVA Mave aAddress
Carmar:

pprode sro.awn, csb.owl

Speraticm:

dsk <= 3rg;
mand:ities Codes:

N o=- dsk LS

& < - Zsh Eg

Vow- 0

LoE- O

Excepkions:
ane

Nprodes:

JE MOV AH
iE MOV AW
O WAL

MOVAT
7= MOV AQ

HEwvaAD
MCw ARG

Howe
Howa
Move
Mowve
Mouwe
Hove
Move

[ Fa]

[ o]

esciration operand
¥t in wiich
af the instcructian.
nation sperand 13 ast referonced.

i
rhe spuyr

r1

ma =

nddrass
dddrass
AAdre=y
aldrpss
addrezg
Adilress
Alidress

o
o

Thg

Hyte .
Werd
Loring

F Iloating

zuand

C fioatiag
o floatiayg

replaces

oo rand

8 I B B 1 S B o e e 3 e o o ol P e el o PR S Y T P

afgresa

THNSTROCTICH 3ET

sperand. The
g operanc 15 svaluated 18 Jiven By cne dats
replaces  the

e SEE ] L R TR



VESTARDCT IDN SEY

=15 Bl

-15p} =- sre;
Congition Dofes:

N <- 3rae LES

2 - sroc EQL

Vo D

O il

Excentions:
rane

Tpondes:

ir FISHAE Push
2F FISHAW Fush
JF PassHal  Fush

PlSdArs 7ush
P PlISHAL  Tush

PUSHAD Push
FISHAD Pusn

Desoripklon:

The ssurse cperand
source  opgrand i3
tAsTructian.

=0 Addrasa

Addre=s Svite
Add-ress Ward
address Loy
address F_Ilocating
bddresa &

Aaddress
Aridress

HIJL}W

fl¢a:iﬂq-
Tflpatiacg

— =

is pushred or che staci.

gevauatad

Tne aperand whose asddress

Hotes:
cUSREAX sro i3 eguivalenc

ta MOVAX sro,.-i058],

is atven

15

aut

T P S Tl ol SRR T T e e m— s a

L oL

it whieh —ha
tvpe af cHe
refergnred,

i3 1 byre sharter.



in
inztrucTions, a macre FIELDIpos, size, addres=zs) is introdoced with th
fFoilaowing expansion L1E

variaph.e leagth mwiz Il

LNSTALCTION

VARIASLE LENGTH 31T FIELD IHNSTRUCTICHS

Li

] T e f
i 3O dauiZe-ds

(=14

.
L

oo I oocomrancgt

i

A Lorgwosd position operand.

b bytz fisld aize gperand shichk must be in the vange 1 farsugh 32
ar a reserved cperand fault ocIura.

s base addpegs (rolative 3 which the position s uEed  d igeoate

the. bi=z JTialdl, mhe  address 1s opbraired from an operand of

address access tvpe.  dowever, _nlide other Instances ol opsrand

zpegiftiers of adiress aocess LYDE, reagister Tode may LDe dasigratad

in tie aperard specifier. I this zasa The f1eld i3 contailnsd  In
51

=
-he wegister n designazed by the scerand specifier ‘oo register
~+1 -apnca-enatsd wizk fefiscer at. I the f:ield I3 —ontaline: Lo o
register and size (s nob zero, €f posi-ion sperand Dust fave a
va.ue -1 the range 0 thrauwgh 31 or a reserved aperand  faulc
QCSArs.

ardsr o simplify <—he description of +the wvariaole Dit Tiald

17

gize NEQ Q1@

ey EiDipos, size, address)

= Bn<igize - LI + DOSIDOSS

i ¢ adéress specifled by register mode and pos - 5izE

The numser of bytes refsrenced Dy the Zoatents | operacoc
apowe Lol
- figize - L o« prusizdes S 3
raro bywes are refecenged Lf che Tield =iz 2 1,
=3

o e ¢ el T T T Y Bl T [ 0 O B e e T T T T



SHETRULDTICH SET

T Coxpacse Tieid

apcoce Dos.el, size ch, nase.vh. seo.el

tmp <- iZ size NEQU O khen SEXTIFIELI ipos,

slse L[ [P

-

birp <= EE giap wAQJ 4 knhen IZETISIELD ipoe,

e

=a Uy CMP2Y

oOp - areos
Condition Codes:

W oo- tmp LSE srco:
£ €= kmp EQL sl
ol T
0
C

<= Tmp LEET st
res2rved operand

= CHMEY oo

gre Field
=0 Cwezy Cn =3

g Zerc-Zxtended Field

'G'U

The [ield specifiied by tre positien, size,  an
~ormarad wichk  rthe  source  cperand. For “??”.
campEred Wwith the =ign extended fisld. For MBIV
L& Comparad  wIith tne  perso extendsd fleld.
3flecc the zonditisn codes.

L. & raserved operand Tault cosurs

rey
ra

. H.Z| VRS OIZ,

b. pos STAL 31, size MNZQ O, and ste fizid |
'EQ‘S"Q:S.

ANl PR e S e e s o o e ) R R 1 R Il AT Sl 8 T Yl £ e Lt s ¢ e n

= hasa ope
—he =aupce =2
tha qopfoa

Ly azzicr

T
Thke on

o e



Fauit, tia conalb ian
4-47

IHRSTRECTION

codes ars




IHSTRUCTICN SET

EXT Shatracr Mistd

Format :
gpoosde pos.rcl, sizme.rh, basze.vh, Ss50.wi

Qoeration:

LOipns, size, basal)

1
Y

dst «- Lf size NRQU 2 then SZNT(FIE
L] |'_‘|';.

dst <- 17 sige NEQU U then ZEATIFIELD(poz, size, Dase)!
Alyz Or _EXTZY

Condlcion Codes:

W ow- dsg .98
2 == dss FgL
1
i

e s

Y
- it
3 i

TeSCTIpCiOnt

For ZMTYV,
fieid specl
“he dssz+inaz
specif-ad o
-
i
a

destipation operznd is ceplaced by she  sign sxtended
ted Dy the position, size, and base soperands.  For EXTIV,
a1 aperand  1s  replsced by tne  zero  extended field
the Dosltion, sizs 3and nase ozerards. IF rhe aize
he anly action s to repiate  tng dastindtian aperasd

¥
coerand is 2, t
fiers <he condician cedas,

wioTo o and
Hoogst

L. A reserved opevand fault ocours cEd

TAL 51, sizae NEQ U, and the field 1= sonzained fn che
L
-

RS
|
[
il

L L L o Bt o oy, 8 o e o & W W Wi U LT i e e = o G IS ) 0B o™ IR o L e o 5 om e . e o o m  omme e £t e n s @ n



G

a resprvad apesand fao

He
1
e
[H |

CNETRUCTLON

Lz, the destinarign gperand iz dnafiected
end foe mand:ztica codes ars unprediczable,

o — ———— o — 1 o e  mmn mn nem e mm s s e mmen e we® n

1

L



S:m
—

IHNSTARUCT 10N

e
Tep @y

R T o TR o)

17 1 [

FH
o ol

el
f1indoos
condition Codes:
Mow-
T

'.III' -
Co

3;
ibit
|J:

=

rot fau
ZxcepT ionz:

TEERUVED

1=l 133
w0

L

hCFIRL|
fay id)

Ce

oripri

I

anc:

& Tield specified

[n} h
extracred. The f?eld
the irnsrtruckion, startiac
-he field. IFoa Bi-
posic.on operand i3 epla

:Hde =
fiad po

canclsian
fournd, rna

o 12

=.z1qn0

to Ene mas2) of 3 kiz ane
ani cite 2 corndicion code
Tord p9sizion operand i
Eke Z -ardi<ian oode hit

o E R A

[GLit 3zartpas, sizs,
Elotmpds WEQ 2zatet
bmpd IEQT (sige - I
med <- tmpd - i
Indoas <- Startpos +

B

oid | -

t posibion, 5ize

ig zested for a oot
at bBit 7 angd exterd
11 =ha i U A

zed Dy hLhs posiclion

Cleared, 1% no oot
ChErdns g raplacend
mogiion to the lel
D1k I saT.,  f the
g replizaz by “he 0
5 oger,

o -
i
il=
L]

e § P TR P s P i I el Nl el T

£
P

A
Podo

. and bpase operands
i the state

ing oz the aighest
FTabe ia faung, T
af nns Di=, iand

in zne tadicavsd s
oy The aos.onicn oo

T of the specifliadg
Slze opevand s

arL Dasitisn apera

rdicated b

nis

fom B e e o o e o e



& regerved operand

izae CGTRU FE.

il

startpos GTRUO 31, 8=

ke rTeglszersd.

eserved

Sperard

=3
| —

Fault occuvs !

WEG O,

Ezulin,

LR 13
=

IHETRUICTTON RET

and the field Lz conTained i

the find  positcion operand 15

I
i +
scted ard che copdirian codes are unpredictable.

[N —— _— S e



[NETRLCTION EET

.
IT:
i
[

Lygv

]

Inzasr:

Fsrmas:
Loooce TEL T, Dasn, Vo

Dosranian:

F -

chea FIELDipes, size, baze) <- sroc<isize-

Ho<- N
T - "
. ] " Fl
1 T
f o= i
o <= 3

EXC&dtlons;
recserved aperand

Oncoddas:

FL THEV Ingerz Fiald

Description:
The EEE{d specified bBv <tone positiea, s:ze. and base ocoerands
replacec By bits size-l:0 of tne scacce cperand.  If rche size opara
2 0, the nstrusticn has no ztisct,
HOTes:
L. A resarved cSpzrand fauit cccurs if:

a. sHize GTRU 1z,

L. pos GTRD 3L, sige WEG O, end the field is coantaiqes ik

tegisters,

2. Tn e reserved cow-sand Eault,  the | fleld i3 unaffas-ad  and

concrtion codes as2 anprediornanle,

d-z2

i3
.

-
-
L

the



CHNETRUCTION

4.9 CONTRILD INETRUCTIONS

o AES Compare and Bramch

opoods Iimic.rx, add.rsx, Index.mx, displ,bw
Cpevaricn:

index €- index + A2cd:

z fadd GEQ I! AND {index LED limib:i OR
iiadd .85 T} ANC {index GEQ limit;i then
20 - PDoe FENTIdiznlt:

Canditica Codes:
¥ <. index LBS 0;
Z <+ indesx IGL 0O:
Voa-— |integer owvertlow::
C o+-

integer overtlaw

Iprodes:

3h ACHHE tdd Compare andé Acanpch Byte
ib ALEW Aadd Compare and dranch Word
Fi ACBL Add Compare and Jrarch Long

Jescriphion: .

The gddend ogperand 15 &dded to the index operand and che index aperand
iz repplaced by  the rcesuiz. The indsx coerand is compared with the
timit operand. If tne addend operand 12 positive far O} and  the
comparisen is less than or agual, or tf zhe addend is negative and the
Coppatison (s greater kthan v o egual, the ziga-extsided oranch
displacement {5 added to PC and 20 ig replaced oy the rezuvlt,

o ke = - e e e e 8- o . o . o e . e e e e e e 8 o O e e -8 . o e o 2 . e . e e, S S B . . . o8 . o 2 e e e

SET



LorEs i
2ign af

Snasx
r. e ]~

1l normally the

?

>N

e e e e e e, e e e e e e e . e e e g . B IR Sl e 5 A

oferand
rezulk.,

" pe = A
il -

Figh
Lhtdey

t? R LK)

anch

ig o
-ATLG
ﬁpe:aud,

replaced
-_l_"'l.L'!:-n:I Ciscn
Undeted index

S



AGBLED add Cne ard Sranch Zess Than oo BEgual

o Bl T Bl

cochde Limin.rl,

Doe Rt LG

irdex <- incey -
if ndex LEQ Limirt

irdex.mi, aispl,ob

1:

2+ BEMTIAispll:

O
1
=)
et
o

‘on Lodes:

L el o .t

<=

JasaTiphlan:t

one iz added o the index cperand snd tne index operand 1s rep-aced b
The andex operand I

the resulie.

H 5

Mates:
nteger ovarflow oCcoiurs

largest positive incege
oy the largest negdative

intggear aveir | low

<- index L35 0:
e index BQL G
- dinzeger averflaw):

i ies3 than or egual, the
adcded o FC and PC Ls repiaced

Areger,

R —

sign-extended
by the r

Lhen BC -

"t the index aperand befoce

add Grne argd Zranck Less Than ar Bodal

INSTRUMITION ZET

¥
comparad with the L1 yperand, I
Eranchk dispiacement 3

ezsll,
adéitlon ia  the
the index cperand repoaced

&, On owverfleow,
: AnE khe ranch

15 kFaken.




THETRUCTION 52T

‘La
L}
&
1
b
L7
aa
L
b
Ll
F
1=
[
s
=
a1
La |
1]
o |
|
i
L
]
]|
|
"
Lt
b

i

commds limiz.pil, index.wl, displ kb

“perasisn:
index <= index + 1;
E

if ipgewx L85 limi
B + GEXT

d i3y
Corditiaon Cndest
¥ o<- 1ndex L33 C;
Z <- 1ndsx EQL C:
¥ o<- finteger averflaowi;
Cow- 2
Zxceptions;
integer avarfioy
Opeodes:

A

.
)

BL3%  Add Qre and 2=zack Less Tnan

™. - -
besoripri

[}

n:

Z2ne 1% adaed t2 the index operand snd the index operand ‘g remilaced ov
ke resuzit. The index cperarnd is compared with the linit sperznd.  LF
iz is _es3 than, the sicn-extended nrenchk displacemen: iz added -o the
C ard PC is replaced v the rasole,

Norneg:

[Azeger cverfilcw cccurs if :the lndex operand nefove  adéicion the
largest positive intager. On overflow, the ipdex operaznd is reunlaced
zy the largest regacive integer, and, vAless the Iimit operard Iz zos
largest negative inceger, tha brarch iz taken.

e
i
.

[¥]

T T s o e o e = 2 [ i, Y P DT, ST e Bl AL Tl R B & o i o e s e 8 e o s e o e 8 o 4 e o o e 1 o 8 o o o



B Aranci un candicignl

u)
11
I
=
1l
T

Lhah P <= PC

Coeaditian

t- =
|
Jlt“jld

1~
Mo
1

T e

EMCepkicns:

nonpea
cpood atition

14 M oor 2t QL Q2 5GTE

15 iN OR Z} EQL L ELEQ

LE 4 BEDL O BHED
BHED.

i Z EQL 1L EEQL
BEQL

18 N ZQL O BOEQ

14 W ZQL L LiS

1a 1o OR ZF EQL D BEGTRU

18 {Z OR T+ EQL X BLEQU

1L oL q gy

10 S EQL 1L 8y

1z COEQL 9 AGEC,
ICC

1= COEGL - LSS,
ackE

TMETRLC

L

« FTATIdispl);

B B e m - . 3 b o e o - e . o 2 5 P e T o e - P e e e - o e e, o e e e . e o i 2

Brarch on Greatery Than
{qlun941 o

Srarch on Less Than or Topual
{signad!
Branch on
Granch an
Branck an

Hot Zgual (signed:
Mot Sgual JIn=ignead
EZqual (signed]
Arancit on Zgual Unsignec
Branck on Greater Than or,
Egua: (signed:

Sranch an Less Than (signed)

Branch on Greater Than
Unsigned

Braonch Less Than ar Eogeal
rnsignes

Branch Bar

on Cverfliow 1
Branch on Owarflow Set
Branch on Greassr Ths
Egual Ungigned
Branch on Fa#r} Clear
Branich <0 Lesxzs Taan Jasignes
Branch on Cavey 3es

N 2ar



CHAETRIITION 3ET

Degcription:

fhe ConQition codas are tesiac anc if tne tanditicn lacicsted Dy ihe
ipshrucuion 15 neb, the figa-extendec bransh displocsmers 1x added ba
whe 20 snd PC 15 vepliaced by -he -esul:,

Motes:

The Vax corditioral orarch  Cinstrucrions DECMLE congideranle
clexinriity  Lm Dranchimg bur requive care in rhoosiac rhe coveane
bransh tastruction.  The coaditlonal krasaczih instruct.ons are bess sasn
a3 J overlapping grougs:

i. Overfilow agnd Carrey Gooup

g7 VORIL L
BvC v EQL o
BCS COEQL 1
Bi C EQL O

Thase Insiructions are tyoilcally used to chesk for overf_sw  (when
zyverflaw  trags are not enapled:, Ear mulriprecisicon aritibnetic,
and for cther special purposes.

2. Unsigred Graup

L350 ZQL L

gLEQI iCO0OR 2F EQOL 1
= ot ] B 1

ANEQU Z 2L 0

2EOU O

Bz T'RLJ i a7 )} BOL L

ThegZe 1nstryuctions bypin
wheprs fthe Speranas &
instrucrtiaons, and chare

fiald inacroctlons
d 1ntegers, sddrzss

ledi

. Ssrzred Group
BLEZ

W
BLED {
BESY 7 ZQo

A
M
1

RG] PR

g
[ I Y

v

J

BNEQ
GG ED

1
EJ
-
s

SGTR WOOR 23 OZQL o0
Thesze InS:tructions sypice.l¥ folinw Lotsger and foeld ins-+tuc=izag
#ners  nhe Spesand: dre belpg brested as s:cned (ntegess, fleatisg
polnt rAastructions, End decimal ssring inEcsucTinns,
-4

e e e g R PP | S Y S L AL AL T L ST PO AR e e e



nh Braisch or Bie

]
'
o
3
[1H]
H

oprade pas.rl. bese.vi, displi.bb

Operariony

tegszstate = 1f [B85%) then L else I
iZ FIELDIipos, 1, Dese! EQL rtesr3rats then
pe «- BC - SEXTidizpl}:

L]
v
Fan
[
.
%]
.
oy
o
{1
im
n

Descriprilan:

Tne sirgle Lir field specified by the position and base qpergnds
testad, f ir is in tae test stare indicated Dy the insTrucTien, bR
gicr-axtended granchk dizplacement is odded 1o 20 snd PO is replaced o
the ras5uit. -

S| -

Notas:

i. A repserveg ooerand faelt ccours if pos GTRY 31 and  the DIt 13
COntaALned 1n g registar.,

2. 0O a resa=uesd - operand faulr, the condiian codes are
urpredlictadie,
v—23




INSTRUCTION SET
23 Branch on Bit faad modify withaut :nteriacad
Ot

eocode pos,r,, pase,vo, dlsol.be

Oparation:

taststate = i3 fHEES or BASC! then L cslse [
newstaz@ = if [ZBSE or BBECST than L slse J:
Tmp <« FIELD{pzs, L. base)
ELD{pos, T, Dase! <—- aawshtaze:
tf top EQL teststate zhen
PC =~ BC - SEX7Tidizspgli:
Conditian Codes:
N <- M:
Z - &
Yoo U
o= O
EXCeDTinns:
reserved aperand
Opcodes: -

EZ 33535 Iranch an Bit S8t and Setf
g3 898C3 Branch an Bit Clear znd Ser
Ed BESC 3rznch an Sir Ser and Clesr
1] gaEcc Brzrch on HFi: Clear and Clear

il gl [

II-
o

Descriptlong

The szingis kit fieid specified by che posician and h;ae soerands i

uestec. TF it iz in the rtest stite iadicazed oy the ilnstruzticn, =*he
sign-zxtended broanch hlﬁp,cCEH nt 15 added o 2C -nd PC is reclaced ov
“he rT=zsylt. Aegardiess oI whether mhe bnranch is taker or rfos, the

tested hbit is put in the aew state as indicazed ay the insbrockior.
Moraes:

L. A raserved gperand ia:;: asiurs f pes GTRC 32 Aard she bBi- L=
Jo0Atalned Inoa reglste

a rasgrved opecance I
andition codes are cnp:

T = o e, R R TR e P TS Bk B e+ h e 8 % R e e -



PNGTRUCTION SET

-

i. Tae modification of the kit 13 not an interlocked speration. Sa=
B2as ] amul BACCI fer- interlacking ingcruccocions.



[

CHSTRICTICHN SET

S

BE SQranchk on Blk [Rier.ocKes
SoraTs
agpeode pos.rl, Dase.vh, dispi.kb

speration:

TEZCstane =
-"El'!'-'-l'l:'r_.l_:te =
-] e

mnr "o “FFFD Dos, 1, odsel;
FIELDipos, L1, ia3el «<- newsiake!
:FE-&ﬂEE interlocdh

S tmp ZQL tests

LR o

(=

LACERT1GAS:

resecyved copacand

vocodes:
=4 B3S8I Jranch or Zi:c 3= aag Seb Inns
=7 BECCI Zrcancrh on 31z Clear ard Clear

Jescriptlan:

r
1

To ﬂk d
nterl

|"|'.E'\.'1

The singiz DLzt f.eld sgecifisd nv the peosition and  odse operands Is
tesTed, i it is in The 135t 3tate indizatad 2y Thge inseruckion, kha
sign—extenced branca displassment 5 added to zhe PC and B0 i3
replaced ty zhe cesult, Regacdiezss of whather the oranch 15 efisctad
o not, the cested bic 18 pot Lo the new 2tate  as  [adicated by the
insesuckion. If the bir i3 contaired In menory, the reading &f the
grdte of the kit amnd the setting of 15 to tne new  sTate  1e an
interlaocked operaticn. o enher progassor or S0 Jdevice Zan Go oan
inzerlagaed scoess o0 toe it during the imterlocees cnersticn,

Hotest

1. A reservec cperand faul:c 2ezars if pos GURO 31 ance the  bis 5

soncained inoa ragiscer, '

.
I
v
B

T T T T IR | ] T Ly e s ) o L B e e T (S T S T e R R P L T e P P

L L T T T AR P I



ESTRUCZT ION 52T

2. om a reserved gperond Faul

i ~he Fiald fe unaffecsted and  the
condition codes are uUnpred

ctapla.

i

1. Excenz far memory incerioskiag BBESD ts eqguivalenr o 3355 srd
apCrl 1w eqguiwvalent to B2CC.
. i, Tols insersbsticon is designed to support  inteclocks winh o othar
processcrs or devicas,

Bxampmle: To ipoplement "husy wart:eg”

151 SESST  Dit.base,lS

e e R e B . o B - B —— 5 o S o e o o o oo o e e = e da] %8 Y Tl 1 R N B Pl T T PR ol T BT P Y i Tl I N Y (R 5 e o 0 RS T e Wy T = ] S e e



INETRUCTTON Z&7T

308 dran=n or Low Ac

oopodde srec.-l, dizpl.bb
Chesdtian:
tes-state = if {3LES} zhen 1 z2ise J:
if sroedr EQL twsistate thar
Bl - BC o+ SEXTLEisnltb;

Condicion Codasge

(I o
i
[ e

Ixceptions:

nGCneg
Tpcodes:
a4 b Y Branca op Low 831k Sec
% SLacC Branza on Low gie Cleas
Degoeipoion:

Tha low kit (kic 0 of the scurce cpercand Ls tested and 57 L: Lz edual
to the test szate indicated Dy the inscrdactisa, the signeextended
branck disp.acement is added o BC ard P iz replaced by the resulz,

&
'

ikl

—

o e . Y T A BT P T T Bl I TR § N T LT T S T PV E TR M il e o 5 0 o B e i P 4 o m mmn m e 5 o 8 P ] e Tl s e T P BT




b Bransa

Tormar:

ohoade disp-.bx
opesaticn!

FC <— FC = SEATIdispil;
Cenéicion Codes:

N =- N;

- - b
[¥] - -
o=
o= L

ocae

Qpoodas:

112 Ixl
i, =

T

[y B
—

Descriahlon:

Branzh With By:-e Displacement
Branch Witn Weord DJisplacement

Tha zign-sxterded hranch displacement 18 addad to

replaced by the resulc.

e ke e — . o 8 . . e o e e o e . - e e e et 8 % % ¥y AR o PERRR ——

2

TRETRJCTICN

and

2l

o

15

ZET




INSTAUCTION

- r o m——

S

=ET

95E

Formac:

Eranctk To Sunrogh e

apccde 2isol. b=

Dperat ien:

1
o
3
a
r
:
.

Mo
z -
-'.l'- -
-

il BSER
il SS5BY
Descripbion:

PC L& pushsd
Siaplacement

o~ -

P

2 -~ SEXT!displl:

'Ecdea:

-m == =B =

M w3k

drarch =
drarncn =

on Lhe 2rackd a5 a  longword. Tha =sign-extanded
13 added to PC oano PO is replaced oy fne rasulk,
+-%6

Ty

S

With Hyt= Digplacement
ith Ward Displacement

Drancn



CTHSTRUCTION SIT

CASE Case

Cormac

Operat 1ant
tmp <~ s2lectar - hage:
PC =—- 7 + Zf tmp LEQL iimi: ther
SEXTIdispliitmp]) eige {2 + 2 ¥ ZEXT!Limin)i
Canditiaon Codeg:

W o«- btnp ZES Li

Z <- Emo EQL Limic
"

L

s |'_:|_.r

<- rmp LISY limit;

aone

Cprodes:
aFr CAEESR Caze Byes
EF CASEW wvase Worg
CF LASEL Cas8 LOng

Dagcripoions

*he base operand i3 subtracted f{rom the selectwr operand ard a
temporary i3 revlaced by the result. The temparary 13 :ﬂmp&rﬁc witi
she limic gperand ard f 1t 15 less than ac souael uasigosd, & Brancn
displacement =elecsted oy the temporary vaiute 5 added to BC &rﬂ Pﬂ 15
replacad by the resule. Otnerwise, 2 times :the sum of <-ke limwit
cperand and 1 iz addsd to PO oand ?ﬂ 15 replacad by the vresult. This
causes P Lo be moved past che rray @at branch dizplicemen:zs.,
Regard.ess of the boDranch taken, ne coaditicn codes are affecrted by
the compsrison af the cempurEry opecand wich the limit operand.

Mates:

1. Afzer cpgrand evaluaernion, 20 i3 pointing ats cisplid:, ot 1he next
Iastruction.  The braach d-splacementz are relazive to the address
af dispicl].

1=
a -




INGTRUCTICN SET

gelactar and bHase operands san both ke considsred eicher a3

Z. 7h 2
igned ar unsigred 1rcagers.

[
=t

[y ]

L

e oo o e 3 ] g PR R S AT S o R 0 R L L ke, i o bl e i 5 e . . e e . . et o e e e . e e e i o, e e . e e e



CHETRUCTION 52T

JNE JUmE

apcode dsT.ad

Cpercarion:

Canditizon Cadas:

Excepzlions:
asne
Coocodes:

17T IME - Jumg

P e replazed by the fastifarion cperasd.

o ¢ e o e e e e o . e 5 o o R P I R e



[MSTRUCTION 28

]

J5EB Sump o Acbkroutine

Formar :

]
o
1%
el
[

cmoad

Cperation:

Candiziaon Codes:

I
A
= 4

Exceptians:
Ao
Cprodes s

1a JRE Jumn fa Subreucine

Jescriptian:

PC i= pushed oo the stack az a  langwored. A0 iz replaced
destination gperand,

Hores:

Zince “he gperand specifier convenkions causes the  evaludsics

by  the

a2f  chke

destinarion  operand beficre saving 502, JS2 can e used far sarcutkine

cails wich the a2tack used for linkage. Tre orm of soch a cabt

LR,

- T T T St e e e ey e PR T AT BT RE TR T T e

ig J5B



LCIMESTRUCTION SET

BED Re=urn from Subroutin

T

Format:

ap:nﬂe.
Doerat Lon;

PC =- (GPY+;

Tondition Codes:

o Nz
- e
[ g
¥on- W
Com= i

ns RSE Faturn Fron Sebheourine

PC is replaced by a longword popped from the stack.
Nouras:

1. BRyA 15 pz=d ta retusn Erom . subrauntines ci&lled by the- BSBBE, HS3W
and JSB itogrructians. - )

2. RS2 is egquivalen: ko JMP ZISP)+, but is 1 hwze sharter,

S o o S o — - 0 So— e S S S ———— i e e e i ] hente”H Tl ST W T - r- e ——y " e L o |



INSTROCTION SET

SOBGED Subiract One and Branch Jreacsr ThaEn or Zoua.

apcocde tndex.nl, dizol . ob
CperaTion:
index <- ipdex - 1

if index GEQ 2 rAen FC o«
SC o+ SEATIdispll;

condition Codes:

W o=- {7dex LSS J;
Z <- index BQL 2;
¥ oe- [iiteger gvsrilow);
°ow- L

Except ions;
irteger sver:low

DDCOGES:

Fi SOBGRED  Subtrac: one end Braach Greater Tham or Zoual

Gegcvipticn:

Shne 15 subtractec from the index operand  ard  che  index cperard  is
replaces oy the reswlt.  IF ke index operand 18 srezter toan o eesl
te J, the sigo-extended Sranch displacemenrt is adcded o PC apd 200 is
reprdced Dy the TesulI.

NOLesg:

-nteger overflow oocure [f the index gperand bkefcse subtraztien (2 thke
-drgest  neganive integer. o0 overilow, the irndex operand is replaced

by the largest positive integer, and mhe krancn i tatsh.

-

=

S TR s e e k8 e et s e e B S T L ETEE T I S T W BRSPS " o o TR o il e o e o e w8 e 8 e o e o e i e e o wmn



S0BGTS Sustract One end 3ranch Credter Than

Format:
oprode index.al, displ.ob
Ooeration:
index <= index - 'L _
if incdex GTR O then PC <-
PC + SEATIdispul:

Conditilan Codes:

=

N oeo irddex

5
L

I

5 !
Z2 - index ZQ ;
Vos- {integar averflow
i <=

e

rl
1
e

Exceptions:
intager pverflow
Opzodes:

5 SOEGTR  Syubtract Dne and Brarch Greater Than

Descripticn:

J1e is subtracted from the index cperand and the Index <operand  is
replaced by rhe resuit, II the index operand L5 guester than 0, tne
sign-exrended branchk displacement is added to PC znd PC 15 replaced Dy
the resultb.

Hotes:
Inrager gverflow ooours 12 che index cperand before

3kbalA
larges: negative integer. On overflow, the index opers
by the largest positive integer, and the branch 1s <aksn

e
14
o
el

e Kol

o o aa s am e a a a  EE m R b e Sy s Se—— ———




THSTROCTION SET

4.% PROCADURE CALL INETRUCT IONE

Theres inscryuctions are gsed o mplement a 3rtandard orooedirs 2511 0ng
inzer=farce. Two iagrrocticns fmplement fhe CRALL B T7€ procedurs; She
shird implemeats the matgn:ng IETUAN. The CaLll instruictign calls &
procefurs  wiklh ttE ar,Jme“t lize artuais in an arbizrécy lacation,
The CALLS instruction talis a ﬁ"ﬂcmuure with tne argument List actuals
cn zhe stacw, tpon oratusn after a CALLS this llst 12 automanizally

£

remved from che staca. 3o=n <call instructions spoectiiy the ACGress
-he eacsy point af  the grocedurs belng calleS. Tae enory polint 1S
azsumed —a consiars of & word hKermed tAae entey mEesA sellowes oy che
procedurs’s instructions. Toe procedure rerminates by executiag a RET
InstrTusTisn.

=i

m

Tae enbry Task, ard

r
L
* - W
ayerslow enables

Figure 4-1, 3pecifias the aracedusg’'s register uUs

1% 14 3 1% i1 0z
I 1 I I I I I T H T T
Oy I MaT REGIZTZAS
E | H | 1 i ] H H | [ | ]
A T.2I0E

i
11

tigura =-1 asry Masi

on CALL the stack iz zligred ta a lengword boundsrty and the b-ap
engbles Lo the PSW are se: 0 3 Kpown StETe to enaure fonslstent
nehavior of the zalled pracedure. Intsger overilow enable and decimal
overflaw 2nable are affecred according to bBits _1 and 15 of the ancry

mask respectively, Fipating underfles enable is  cleared. Tne
rogisters Ril  chrougk 80 specified by bits L1 thraugh 0 raspectively

azg2 gaved on the s5rack and are restorw ed by the RET irmstruction. im
agditina, PC, &2, FP, ano AP are always oresscved by the CALL

ame

‘hnstruccionsg ard resrcored by Eke 287 instruc-ica

41l extgrnal proceduse CALLs generdted by  standard DIGITAL  language
pracessors, and all inker-module CAZLsS =a malaor VAR software
subeystems, comply with the pracedure calling softwsre stendard.
procedure calling s2tandard recuices thar ail registers in the rang
through RLIL used (n the progecurs MusT Eppter n the masx. ECoard  RL
ars rnot oreserved oy any  <2alled progedurse thab ocomplles wi
nrocedure Caliing szaadard.

‘r oordéer ta presecve The state, the JALL mstouctisas Soomo g frruoturs
AF  t'm  atack rarred a <all frarve or szack frame.  This Isniging hihe
saved secianaers, the saved FRW, the register save wTass,  and saveral
agnbrgl  biTs., Tae  frame alse LnoLefes & _onagword wolck che TALL
jasc=io=imas ~lear: =ais 13 used so imolemsnt he WANSVMS  ooadiibion

-l

S —
e e T LN YL N L, ke o R ERREEEEEEEEEETETENEEESS




;Hh”RU"”'uﬂ

handling facility. 41 the end of executien af the CALL instruction,
T0 -apkairs the asddreszcoaf the staca frame. The RET ‘Rc2rtoustlon wses
ey conrcents nof F2 oTa find —he gtacH frame anc raItore shaze,.  The
conditicn Randling faciiity asscmesd Thac FP always Ca'nts 0 the stack
frame. The stachk frames nas the [ormet shown in Figure s-2,
CORCEFION HANDLES 1M T1ALLY R 2P
- ' IaNER - .
SPho & 0 MEAS K< ko z Fte 14 b 0
ZAVEDR A3
SAVED F@
SAVED P
SEVED RO, L
L [
- d
L} -
SodED AT L L
M1 T0 3 EWTES SOCIFIED &Y SR, STACY POINTER ALTGMMENT,
T COT [F CALLS: CLEAR F CALLG.
= ALWAYTS CLEARED 3% NALL CoM BE SET 2 SOFTWARE TO FOMCE
& RESERYVED DFFRAND FALLT 93 & RET
UL B

Note thar the sa aﬁ corditian  2ades  and the s=aved =racse  erzhkia
[p&u<T>) are clearad ' '

The zontants of :the Irape 28W-3:ils the time RET is  executed will
become the condicisn codes Cresulnisg from bhe  execubtion of the
k

praceduse. giriiarly, the zontent of khe Irame PEWed» 2t khe bime he
o awpoted wilt hELcLE the PSW<T=> n]

ik
1

L

ol

o e

[}

=1



THSTRLUCT ION 58T

m
H
cC
|_-1
oy

ijall Procedure Wioch Gereral Argumsnt List

11

CEMET:
cpoode arg.ist.ab. Sst.aC

Cpmration:

lfa’ign stacki; _ )
icreate stack {rame}:
tget arichmezic exception enatles:;
izerc rew values.of AP FB,.PC}:
Cordicicon Lodes:
¥ o=
T <= g
Vo= 1
C o<- 13

Teserve: cperand

¥
-
i
i
c
r
cy
I}
[E]
=
1
a
"t
c
It
c .
[
I

b |
il
b
r
-t
L]
p
e
1]
fu
—
"i

Sument isc

dazcription:

2 kfen Dits 1:{ are replaced Ly 0 S50 taat
rgd, The procedure encry mask s scdrned
from kit 11 *to O aad the cgontencs of regis-cars whose -unbes
zorresponds k2 sSet bizs n the mask are pushed on tne stack as
langwoerds. PO, PP, and AP are puszhed or the stack as longwords, Tha
zondizion <oges are <leared. A longword contairing the saved two low
Bits of SP Lrp bins 31:30, a 0 ip 2it 29 znd kit 2B, the Iow 12 bkics of
the procedure eanry mask in bDits 27:14, 2 0 in bit 15 and PSWeld:Ox in

57 is saved in a temporary
ERa ssaArk 15 1anqwnrd g

—
Fug 4

pits L4:0 with T cleared :s5 pushed an the scack. & leoagward 0 is
susned an che stack. FP 1= repiscad by §P. 4F L& replaced oy 1ne
arglis: operand. The trap enables in the PEW are  =2et o 4  known
znate, integer aves[low and decipael qurilnw are affeczed ac=ard:ing
co bits 14 and 13 af rthe ertry Jas« respectively: floating  indecflaw
iz cleared. T-pit 15 unaifegtad, 7T 1% replaced v othne sum of
destinatian guerand plus 2, wihizn Traasiers Sontral  +£20 f2e -aliled
orocedure at  rthe Dywte Sevyoend the entsy masik.  The appearance 5f tne
stack after a CALLG instrucricn is eyecuted s showr in Figura 1-73,
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INSTRUCTION SET

=1g
“FR
"ETACK FAAME
13 TS 3 BYTES SPECIFIED &Y 588
LUl N B P

Tigure 4~1 CaALlG Strack Trame
Hoves:
i It migs 33:12 of the eartry mask are not 0, a2 resesved osSperand
Taul+t oofurs.

Fur

zign coes are

the =and

T
ol
[
-
T

o0 & FeRRrVesd COe T Eng
UnpredicLakbie,

The procadurs calling standard -ard cke condition handling facility
require the following register saving cofveations. RO and 21 are
always avaliZable For funciion r2turn vaiues and are never saved in
the entsy masd. AlLL registers R2 through RI1 which ars modilied
in the callad prosedure must De mreserved . inthe mask.




INSTRUCT ICN SET

Calls Cali Procedurs wich Scack Argument List

Formac:

aprode nomacg.ri, 25T, &0
DDeTat tong

fpush arn. cauns!;

ialign stackl;

imreake stack framels

fzer aritnmeric exceptior enzbiasz’;

[set Aew walues of AP,FP,PCi:

Cordician Codess

b= 0
Z <= [
VosE— Ly
- e

z CALLS Ca.. Procedure With Szack Argument Lisk

O=ssripricn:

The aundrg operanc 12 pushed eor the stach as A lorgword  doyia 9
—ontains  th aumber o arguments, the high order 21 bits ace uzed oy
DIGITAL soficware!. JP i5 saved in a temporary and ther Hizs 1:0 of 22
are veplaced by 0 =00 that cthe stack Iz lopgword aligned., The

the ontentsz

procedure encry rask s scanned frecm bBie 1D o Bit 3 oaps

i Tegisters wicse numoer corvrasponds  to ser oits in the mask are
pasked on the stack. 2C, 7P, and &P are poshed an the z2racik e
langwards, The condetion cedés are cizared. A lomgward conzainieg
the saved two low bits of 5P in Bits 31:33, a 1 in kit 2%, a 0 :n ®it
£8, wha _ow 13 bizs ai the procedure entry mask in Bics 27:14, & O i@
bit 1% and PEW<i4:1% in bits 14:2 with T =lgared :5 pushed or  <he
stack, A longwsod 2 s pusied 2n the szacs. TR ois replaced by AP
AF L= set —o the value of the stack gpoinner al=er the fumarg  sperand
@ad pusied Sn Lhs steck.  The trap enables 'r o the FEW arz 52t oo i
krown state, Integars sverfilow ard decimal overflow are affeccsd
arcording to blts 14 ans L: o the BOTrY NEsi: cesoeEstively, CLO2E_ro
urderfliow s clsared. T-hit is areifected, FC ia regplaced oy the zum
of  destinaciaon operard mius 2. which =ransifers conosel to the -zlied
vrocadive ar the bvks bevond the srtry maswk. Taz  aznearance of rhke

1-£5
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stack af-er CALLI ig executed ;s shown In Figure 4-1,

L
Y
STALCK “RANIE
DT T AYTAS SPESIFIED BY SPAY

M B

4 o

N LOMGEWOADNS OF ARGLUYERT LEST L]

L] a4

LEEFEH

Figeire 4-4 CALLS Srachk Frame

tores:

l: 7 2izs L3:1¢ of the entry mask ar:e ozt O, & resesved operand
fauls ACCUCS. .

2, on & reserved [u 1178 o Mtal Fanlt, the concitlon codes are
unoredictable.,

3. Mormal uge .is to push the srglist.onts the s:ack In reverse soder
prior Lo ne CALLS. Or rezurn, the arglist is remcved feoom the
stack sutematicaliy. ' :

1, The procedure callipg standasd and the candician handling fasility

reguire zha follewing zegisrer sSaving canventiegns. BRI aad RL are
always available Ior {uncticn reburn valiues and are never saved 1o
the entry mask. .All registsri RZ througnh ALL which are modified
in the called procedurs must Le preservsd (n the entry mask.

g
1
I--I
)

- o o O




INSTRUCTION SET

SEkCre FediSTETst:
idrop srack al ignmean::
if CALLS thern remove arglisre
ireztore PSW;

fragkore 5P from =5E
i
‘-

L

e

==
LTy

Condition Codes:

T= Impleidng
ERn L« 2oy

R o
1

ragarved operard
Cpeades:

04 ®ET fezurn from Procedure

Casesiption:

SB Iz replaced oy 22 3. A longword <ontaining  siack  aligrment

Eitz in bBirs 3 » A CALLS/CALLG fiag in bit 29, she Zow 12 bozs of
the proceduss antry mask in hits 27:14, snd a saved PSW n bits 18:5
ts popped [vom the szeck and saved 10 a temporacy. FC, TP, and AP ars
renlaced by longeords popped [rom the stack., A =esister resko<e  mMasx
15 Cormed fram bics 27:16 of the bterporarr, annirg fram hit 1 ks
bit il of the restore oas«<, the -“onIents ar re erz whoss number iz
indizated oDy ser bits in the mask are reprl by longwsrds popoed
[rem tae stack. B3P [ iocrenenced by 31:30 of Temporary.  PESW iz
repraced by Dits 15:0 of the tEmparar:. A T in the :emporacy is

R =T ERE

> {indicating thar <ne procedurs was cal.ed hy  CALLZI

: P, , B Longworcd
containlng Lhe acambers 27 zrguaenszs is poappsd Trom che s-ac4. Foar
tlpes che wrsigred weloe 25 the 1w byre of tils lonowoed (s adasd o

50 and BF I3 reoiaceds oy bne rescli,

e — L L I RO T R R il Rt T o il v v e e S— W — s e SRS NI SRt SEue smmcmmemsees BRI Eeen s S mes S e EoE e B S GUme SWSIE e gm  E e e e geom s R @ mmemme m  ms o



IMETRUCT DN 5ET

Norex

i. A reserved uperand faulz occurs if tmple
2. on a reserved gpesend | fauit, tne  ooadition =odes are
pnrpredictanie.

i, The velue of rmple2d> is igacred.

=

4. The procsdure calling stendard sné  condition hardling facllity
azzume that proceduras which return 2 function value G 3§ SU&tus
code do so in 80 or REG oaad R,

irl

. I I )

Rt
A

Aot zeras, Lhe resulrs are unpredictable,

-1
|..|




INSTRUCTION SET

.7 MUSCELLANTUOUE CHSTRUCTICNS

BI1CZEW 9it Clear PSW

cpoode fDasa, Tw
sperationg

PEW < - PSW OAND IwOT sask}:s

Cznditinn Codess

<~ M OAND (NOT maskciri
T OANMD (NOT Masars =i
<= T OAND iNGT mes<<lzi
<= I AMD [(NOT mask<adsi

1 -5 =
#
1

e e e s

ZECEpt iOnsy
tzserved oDerand

CECOOeg.

Oescriprian:

¥3W 13 ANCed with the ones complement of the masa operacd ard
a

replaced Ev zhe rasuil
Nortes:

A reserved gperand fault cozurz if mask =1f/:5> s
resercved operand faulb, ths PSW s no- affscted.

k=
|

1

]

) o —— L e e e Y e e o R S S S SR - . R & & mm

re nerG,

PEW

cn

is



INETHOCTICN JET

BIS=5W a

L Jec PHW
Format:

Spoode mESH. oW
JpRraticzn:
DR =~ Pﬁﬁ QR mask;
CGHdE:iﬂHICQdEE; -
<= W QR mashk=:=
2 0OR mashkri-

- ¥ OR rask«ls
<- £ R mashk<dz

" =<
-,
|

“E mE AL =T

oEoeprions:
raservad gperand
opoades:

1] BISPSW Bit Set 25W

Descripricn:

PSW 12 ORed witk the pass aperand and DSW is replaced by the result,

NOLES !

-

A ragerved operand fault occurs if mask-l5:E8» I3 nan zero. o0 a
resacved cogrand faulz, tne BPEW 13 not affected.




INSTRUCTIONK SET

S —

CRTode

Uperatiaon:

PG_=<TP=
‘hreakpoint fanlti;

W
—-
[

0T

Cascoiphions

Coades:

Braakpoint Feylsz

t= 10;

Thi: instcucticn 13 u3ed,
deougging Fascilirias,
174

e e E mm e



-
T

YAalLT °  Ha

Formart s

e

[

ApCo

Operation:

Tf PSL<current_mede> NEQU Hecnel

INETRUCTION [ZT

then

privileged inscructian faule}

elsa L
ihaz:c £he OrICasSord

CThodition Codess
Moea J: VIf privileged inscructio
T - s lompaliioan cokes are Zlad
Vo= Iy t=he faclt. PEL saved on
C =- T !eontains condition codes
N == N; IIf processorn nalc
T o m Ta
] - wlh
RO 1,;';
€ == I

Excapkbiang:

privileged instruectisa

SOCOCES

a4 - CHALT Halt

oJezcrioeion:
tf the przcsss 5 ruaning i
Gtherwise, @ privileged (nstr

L

kerngl mode,
u

cNntes;

Thisz opceode 15,7 to frap many DFanches to

crian faclt

n fault

ted =fter

stack .
‘©fior co HEALT.

=he Processor nalted.

CLRCUrE.,

i

daka.

e o —




INSTRUCTION 25T

INDEZX Comprte Index

gpeodE Fubscripht,rol, Low.ri, aigho.ri,
dige.ri, itndexin.tvl, indexoutk.wl

Cperations

¥in = subseriot! *5ize;
law: qr :subscripc GTR higki
ange Traph;

ihdexrest <=- ii1ade
L Isukscrin: LES
Then [zubscoripe o

Condieian Codes:

M <= indexous L35 i
£ <= indexaur EQL I;
Vo [ .

C ==

LTS

Excgptions:
subscript ranga

Opendes:

& INDEX Computa index

Descripricn:

Tite ingexin apevand is added te the sunscript cperand apd the  sum
multiplied by the size operand. The Indexcut cperand iz replaced by

toe rcesult ., IT the subscript operand is less than the low aperiend  or
Jreatar than the high apavarnd, & suhserip:t ranoe ~rap 15 -aken:

TNRLes:

. Mo srithmetic sxcephbicn otker bthar subssripl rance can resnit from
this  tastruczion.  Thus noe indizatien is given if avesflew cccurs
in either the add or multiply stepa. 1§ cverflow o2ocurs o0 the
add step the sum s the low oprder 32 Bits af <he zrue resclt.  Cf
averilow ocours oo mne cuitialy step,  the  Indexout  operand 1S
repiaced By che low orcer 37 oits 27 rhe froe prodec: 22 The aum
End —he subscrigh sferanc.  In che sarmal cse of this Lnstouctior,
averllaw cennoc acour WiihouT A subscroipt cange Trap coTureing.

2. The inmdex irstruction t2 uzaful in index calsularticrz  Far  aresvs
?f the f:xed laagtn Gata  eypes {lntegar cnd Tlostiagt ard fac
Index zalecvlacions fxr arvayz 2 hir fieldz, zharaster sorings,
and  dGecimdl strings.  The itadexin operand permicss cfscadisg 8Dk

-

hn
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INSTRGUTLON BET

‘nerructicas for multidimensigral drrays. - Far nne=ﬂimensiaﬁﬂl.§:t
field arrays .z also permits 1ntroguctisn of ChRe constant portion
of an index calculation which 1s notu rgedi.y absoroed oy adarsss
zrichmeriz, ~he foliowing exampie  shows  soie of Lhe uses o
INDEX. -

ZHEMmEpLia:
The COBOL stakements:
i A-ARBRAY,

43 A PIC ®i28] OCCURE 1S TIMES INDEXED &Y
21 B oBpIC X230,

Lok I
Ll

MOVE AJL)r TO B,
dre aguivaient Lol

INDEX I(RIL}, g~XK01, #°EOF, #~X19, 4°~XJd, RO
MOVC S $4¥19, A-25¢al1)[R0:, BIRLlL:

The FORTRAN statements:

ENDEX il Ll

the PASCAL statemeniss

var
1L 10tegar:
A4 3 arrayili..24] of integer;
a;i] == 1L

are sguiwalent Tai

[MDEX I, g1l #2441 40 ,R0D
MOVZAL  #L,A-130RD




THET

—

ROCTION 52T

MOVEIL - Moaws [rom FEL

Foemarg

opcode dEflwl

aorades s

e MIWDGE Move PraTt PS5

OJescriprtions

Tre destinztion zperand (s replaced by PSL,

4T

e R —— R A BE R

TUN T W IT  ncw s o o — g R LI L G L o L A .



Mop No Ooaranion

41y

o
"
H
m
-
v

opgode
OperTation:

neng

1
o]
O
g1
[

Condition

Wow- M
2 o<- Z;
Y-
T <= &
Txcepticns:
narne

dpondes

1L How

Dessription:

No gperation is pzrfocme

Mo Operatilorn

A

B L

e i g e S—————

INSTRUCTION SET



INSTRUCTION 537

BCPR fOD AggLzters

Farmat:
opcode mask. o
Jperarian:

for tmp <- 9 steo 1 until 14 do
1f mask<rmpr EQL 1 thern Rzmp] «- (5B +:

Condizian Codes:

H <=~ N:
L == 7
Vo= W
Cow- O

Exceprions:
rang
Cpredes:

B& PIER °p Registers

Cescription;:

Thke contents of registers whose numner correznonds to aet bitz in 0 zhe

Tdzk operdand  4re replaced by lorgwords popped from the st=ck. Rn is

replaced if mask:n> Is set. The mask is scanne€ Scom Hit 0 to Dit 24,
it 13 is ignarad,

TR m—n o - ] = Ry ] e 5 o T 0 1 e+ e e e S K b s



[NETRUCTICN EET

AISER Push Heg:stars C : :

Toomats
DpCO3e mMASK. W
Jperation:

for wmp <- 14 =tep -1 unzil & do
if maskeromp=> EQL 1 then -(5F) <- Rltmpi;

Candition Codes:

wE .

WNow- M
2 <= 4
V¥ow- Y
(L

Excapticns:
naneg
as PUSHR  Push Aegisters

Cascripklan:

The Contents of registerss whose number corresponds to ser pits a0 th

e
mas4  operand  areg pushed on the stack as longwords. A3n is pushed Gf
masa=n> 1% 38T+ The mask L2 scanned from Zic L4 to bit 9. S:t 18 s

ignored.,

Motes:

The order ol pushirg 12 specifisd s that the coazenss of aigher
numbered registers are stored at  kigher memory  addresse=, This

TRSUILS LN, 24y, 8 guadword datam stoaced tn gdjacent  registers  heing
stared Dy PUSHR in memocry in the correct asder.

1-81




INSTRJCTICN SET

T T N T TN

-

EFC Txtenced PuncTion €&l

oo
Speratlon:

iAFC fauvltlh:

Canditior Codags
N == 0
2 o= 0
Voe- 0
L o=- 07

Frcepklons:
none
Jpoodes:

i Externded Functisn Calil

provides for user

L-582
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4.3 QUEUE tMETRUCTICNS

A quese is a cirsular, doubly linked Liast whose entries arzs specified
by their addresses. Zach gueus entry links to twe athers vis a pair
of Llongwords. The first longword is che forward link; :t specifies
tke location’ of the suctcesding entry. The second leagwerd is the
bachward Link: it smec! Eleq the :location of rhe preceding encry,

VAKX supports  cwo digringt tynes i dlinks: anEoldee, and

geli-selative. -An absolute link cortains the absalute addresz 2f the
entry that it poines =0, - A self-rélzfive link zéh:tains a displacement
frol  the presani guege encry. . A Gueue (8 classified 5y the fype of
Link it uses
Lowaoo — =

<.59,1 Ats:iute'Queues'

ﬁbaﬂldtﬂ.qﬂE“Eﬁ 3= ahgﬂ_hte add*ssaes as LIHEE. pusae entries  are
linked by a pair ﬂf Longwoeds,

The first {lowest addressedl -longword i3 the forward Lirk: the
address of the zucceeding gqueus ' entry. The secodd thithst zédressed|
longword is che hackward Link: . zhe address of  the - greceding gusue
entry.. & gueue is specifiad by a gueug header which i1 idencica. to 4
pair of queus linkage longwords. The forward link of cthe besadar .5
the eddrsﬁs af the erttcy zermed the head a2f{ che gueue. The backwars
linzxg of tke header is che address of the entey zfermed the rail of the
gqueus., The forwarc iink of the Z3il pDoiats to tne keasder.

Twa generzl cperacions can ke perfcrmed  on | gu
BnLries and remcrval of anteias. Senarally entri
reeoved only at the head cr fail of a gueu

H inzertion of
an be ingerced or

Figures 4-35 through &-% -illustratie Some gQueuce operations, An  empry
Jueyusa 18 EPEL;ELEG Dy 1t% header at address H as shown in Ploure 4-9.

. LT INSTRICTICGH =

—
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INSTACCTION SET

a1 L
: e
P J LT3
I A
) n ¥
1
a 1]
H .d--'l
41 il

Figure 4-5

Quece With Addrass 3 [nzertac

T£ an antry &t acdress A 13 Inserted a: the asad of che Tuese, ohe
gqueve {3 as shown in Figure 4-7. )
»
- - L}
u Ak
I ook
1 = |
H ﬁ &
[T e
as oo .
i 1 x
1 5
L] Hik
11 o
LRS- |
Figure §-7 Queue With Address [nzerted an Head
Fina_ly, if an encry a7 -address ¢ is inserted ak the rail, tas gueus

ADpeArs 4s s5NaWn in Figure §-8.
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. INETRUCTICON SET

W oz
R
H
- A
a1 ' -i"'
=1 S
n E
i B
FH U
i
I
1
= 4
[ -
]
[} LY Eed
4 .
i [1a]
1 w
= ks
] 4k
! )
T

Figure &-8. Queue With Address Irsarted as Tail

1]
iy
-
)
]
a
=
i1}
—

Fallowing the above sseps in reversze oarder gives the effeck
at kne zail and removal At che head. :

1¥f more .thanm .1 process -can perferm  eparations an a  ques

gimultanesu=ly, . insertions :and. removals - should daly be done at. the
head or tail of the gueue. If.aniy 1 oracess ior 1 process at a Lime!
can perfarm operations.on a queus, insertions and removals -carn be made
atr other then the head or tail of the gqueus. In the ‘example above
witnh rhe gueue contalining sntries A,B, and £, the entry st address 8
can he remsved and the guele appears as snown in Figure 1-9. -

—
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SNETRUCTION 3

T T LT S R R—

£

1 L o
[ -
= EETS
& o
'
- [l
ar
-
4 '| L
F
b ] o
v .
. 1
- | H
H Ca
11 X
. AR IHIT

Figure 4-% Jueus Wirth address B Remaowed

The reasan Eor the above rescricguion is that ooeraticos at the head or

tail ares alwavs wvalid because the queue header is alwavs presernt:
operatlons 2lsewhere in the gqueue depend on specific aencries bDeing
present  and may Detowe invalid if arother procezs is simultanasusly

parforming operaticns o0 the Queue.

Twg o instructicns are pravided - for panipulating  absaluse  gueuss:
CHSOCE and  BEMQUE. INSQUE inserts  an entry specified hy an enzry
cperand  into  the guene Esllowing the entry  specified by ke
predscessgr  gperand. REMQUE remcves the entry specified by she gaArsy
ceacand,  Qusue antries can be on arbitrary pyre bouncaries. - Bech
INBQUE and RIMGUE =te impiementid as nen-interraptibie instructions.

t-ta
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IMSTRUCT [ON T SET

4.5.4 5&1E*EEL&ti?E-ﬂEEUEE

Bel E—Fg_"1ve queues use A: 5plah51eﬂu5 iram queuse ennries as  links.
Cueue entrias are Linked by a palr 2f langwords., The {lrst langward
ilowest acdressed) is the  forward  1ins: =he .di3p4acem$ut 2t the
succending guewse: eatry  from the pressnt ensry. The secord langword
ihigheat sddressed] 1s the bacawsrd lins<: the displacemért af the
crzceding gquaae entey from the presest eatry.. A gqueds is specifled oy
a gueue header, which @lso zonsists of two longwosd Links.

VT ,,1

Figures 4-10 through 4-13 show Exaﬁples of queue ﬂp&ratiuns. An ampty
- queue is sapecified by..-dits header at #ddesss H. Since the cueve i=

>

ampty, the self-reiative links must be uErn as Etﬂvﬂ In Figure =1L,

ERl Ei
'
e .
o 4
11 ria |
R

Figure 3-10  Enpty Quens

If ar entry at address B iz inzertad into @n.emphy queue lar eicher
tna head ar tall), the gueue (2 as shown in Figurs §-11.

4 W
5
!
H A—H H
N i
Voo e . e
i . on
i T
] : }
E ~ % A
E ~
t N —
Lo [y | B
47 b H]

t umromza

Figure 4-1: Jueus Wizh Adureﬁa B Iaser-aed
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INSTRUCTION SET

if an entrvy ak address A 1= 1nssczedl @t the head of Thae FUELE, Ehe
TARUE L5 43 Bicwn fa Flgure £-12,
3 @
i a-r n i
[ Rl LI -
| = T
11 n )
& -2 i
F=A L]
I i
11 i)
[r - | B
-3 5t
by 3
. ) i ~PF A
Figurs 4-12 Queue With Address A Inzerced a- Head
Fiaally, if an srtry at address C iz .rsecced at the czil, the gueue
éppenrs @s shows in Figure 4-13. :
4l =
4= i
oo a3
11 a
FH a
Lra J u
4-o ::i A4
n i
H .
z-a ' ]
L}
A=-3 t Ak
a1 ]
11 a
H=x W
R=I 'y
[
a1 =
EEREt

LA i e R el P Y, e .

T TR T NI T I R T T MR P oy AP p e i T T T T TIRE T SE T S T S T S S

Inserted at Tail

g s ——— 5 B = R RR

A —



ERSTROCT O -SET

Pallow:ng the above steps in reverss order gives the elfect ol removel
‘ar tha tail and remova®l &t the head. - .

Faur aperstions car be perfeormed on seli-relative queues: ingert - at
qaad , - ingecr .2t tail, rewwve [tom head,  and  cemove Trom TELL,
Furthermgre, these operacians ire inteslocked o allow cooperdtisg

F
I

mracosses  in = Multiprocessor sYsSTEM O ACCess a shared ligs wathous

addizional synchrenizakion., Ueus =ntrias musn pe guadword aligned.
4 Aardware suypported inrarlocked memory accsss wechanism -is wsed- Lo
read the gueue header,  Bit 0 of the gueus headar ie uvsed as a
secondsry  interioch  and 5 sec when the gueuse iz being -accesasd. IF
an interlocked gueue instructish encountears  the secondary interiock
ses, 1t  cerminates afrar zewting the  conditign codes to indicate
failure te gain access o the queuve, [T che secondary. thtertock birc
‘s not set. chen che iwteariccked guaeue insgruction sets 1t during Lts
aperatisn and clears Lt a3t instruccion completion. This prevencs

=

~ther intarlocked gquese instructions {ram opecasing on the same . gueue.

-
i

jui]

L}

D e e




INSTRUCTION 3ET

INSQREI . In3ert Intry into Queus 3t Head. Inceplocied
Formak:
aprofe  erntcv,ab, neader. Ao ' -

Cperazion:

tmust have wrlte agcsss to header
'neader mustk be qL&derj aligned
i ) ‘neader cannot b equal fo oentry
Empl - EhE'duf]iiﬂteer:kEﬂ:; '**cu ve hardware ‘rteriack
: _mpLﬁE:L# must ke zerg

1E tapl«C> QLU I then
begin
ihedcderlfinterlocked) <- tmul-

'releass nardware irtarlgek
vgez conditien codes and terminate Lnstruction!;
srd;
plge
besin

iheader) [interiocked) «=- twpl o w o brliser secondary interlack
trelease hardware i1nterloel

I{ {all zemory accesses Can be cemnleted) then
lcheck {f [ollowing addresses can e written
: !without <zusing a3 memzrcy managemens except ions
! BALTY
b hesder - tmpl
talzz, chezk Zor guadword alianment
hegin
{InSerct @niry Inko gueuei;
lrelease secondavy interlocxi;
aend:
2.5e
begin
irelaase zecondarsy interlocii:
[mackup instruceiont;
tinitiace faulkl;
wridd s
and @

T e N Ml B e e T o n e e m—— ey o m— g R O LN S ey Sy gy e L L L L R B R R R e - - —— e — S — . S_——— i —— T S——————  — o — . S



INETRW T IUH 327

cif iimmertion SL”EEdEE} then

beEgin
M- 0 . .
Z <~ lentryl EQL tencry+ed); tiirst ﬂPtrf in gueue
Vv os- O : ' :
Zom- g
end;
=la5a
megin
M o=— [0 . .
Z <= 03 '
Vow- g : : _ . :
£ - 13 Jlagrondary interlock failed
etd;

Excaptions:
regarved operand
Opcodes:

R . "HEQHI Insers Entey into Queud @tﬂﬁﬁad. Inkterlocked

Cescriptian:

Tha antry spec-fied bv The =1t ry operand is inserted. into the gqueus
Ealiowing thne meader., IE ~he a@ntry inserrced was the [irst one In the
cueve, -he condizion code Z-bit . is ser; otherwise iz i3 cleared.  The
inzertion i z non- hnterruptlb;& cpeTation, The insertion iz
interlocked to prevent Cengurrent interiocked .inseértions or FERAGYE LS
ar zhe head or tail of the same Queue oy AN2Lher gracess even in a

mulslprocessor afvironmant . ~8efore gperforming any pact af the
aperation, th: processor validates that the sntircg cperation Zan pe
complered,. This ensures thar if 2 memory nanagsmenc excepticn oosurs, -

the queue .3 lafr in & consistsnt s:ate. If the instruction fails to
acguire the secondary dinterlock, the Instructioh SeLs condition  codes
ane termindtes.

g aa Qap e’ ax " o o s aa




INSTRUCTION SET

NorLas:

Il

PLU e o o t e e e e e o

BeZadse the iasersion is aga-iassrrustislie, proacagaes rynning Ln
nernel mode can share quedes with incercinr service roustines.

The INSCHI, INEQTI, RIMOHT, and REMOTI LSt ruckt innsg ara
irplemented such that Iooperacing software procesfes i3 3
mulbiprocesser Mmay  a<cess a  saared  lise  withour adeicianal

svnchranczetion.,

To ser & =oftware interlack realtized with & gueue, ths following
can be used: :
[MSERT: IHSQKI ... ;AAS gueue empry?
HEQL 1% YRS
BCS [NSERT - PLEY inssarting agan
CALZ WAITV ...} N, wakirs
b
Juring access validarion, any sccess which  carrak  bae cempleted

results

L a memory maragenent exceptics evan though the gueus
insertion '

L3 Ank =tar+od,

a reserved gperand fault gccurs if srtry ar header is  an  address
that ts  ner Juadweesd  aligned {i,e. <d:0> NEQU 0% ‘op LE
Iheadest<3:1> is nol 2ero, & ressrved agpsrand fault alsoc  occocurs
f header saquals ertry. The gusee iz pot altew-=d. :

- W — L R MR el L e m e

L e —



INGTRUCT 10N EET

INSQTT . Iasert Entey 19Zo Qusoe at Tall, -Interlacdad

fformac

cocoda  entry.3ab, Neader.ag
Joeraticoni

fmusk have Wri*as acoas3 o réade'
“theader must De guadword albigned
. ‘headar carnor be sgual o ertry
tmpl <~ [header){iizerlocked}; bacgillre ‘hardware interc.ocd
: : E:mplﬂl._; must be zers

S Emple=le EQLU L
kegin -
rﬁEﬂEFr]‘1HEE~1Ufiﬂd} <- tmpl;lrelegse hardwarse ionterlosk
iger condition codes and terminace lascrycoiant;
=nd: : ' '
glse
kegin
iaeaﬂer]<1nt5“1nrfeﬁ} “-.tmpl v i;lser segondary igTeriock
: ‘ralease bardware interlock
T2 igll memwory accésses can he complstedi taen
‘check (f the following addrasses can be woits en
'without fausing A mMewcsy management oxcapricn:
ENEry :
‘hesder + lheader + 4} .
laiso, check far quadwnrd aizqn Ent
cBagin :
. linsart entry iato Gduue-;
[ralpase secmndary intgrlock

H-H|

-

[
T

o and;
dige
5¢§lﬂ : ,
releass se:qmdary ﬂFEr;nck=-
-:ha+ up - instructianl;
Pinitiate faultds
end;
‘ard

493




[STRLOCTION 3ET

Condition Codes:

1f {Ip=eftion succpadac! shan

Degla
M ou— I3 ) )
Z <- lentrvl EQ0 lenteyed): 1first @nIry 1n gueus
LT : .
oo iy
_ and;
alse
megin
M =- a3
w o= il
¥oa- g
o= I Isecondary inceriock falled
end;

ExXceprions:
reserved operand
Oprades:

S - IMEQT!  Imsert Erntry into Quece at Tail, Iaterlocksd

===
Dessripricn:r’

preceding  the header. If :the entry nsertad was e firsh oRe in =he
guaue, whe conditicon code Z-bik 1z seif; octherwize = cleared, The
insertion iz 3 nan-;rte*vuptiblﬂ ﬂpE"ﬂti&n. Thae Liazertiofr 15
interiozked to prevernt concurrenc ipterlocked inserzigns or rcemnovals
gt tae hesd ar tezil of the same guseue DY anothe: process eyvail Lo oa
miLit 1pruceaﬁar BNV ITAAmMEnt . Zafare oetvrfardince any wmart of the

apszratzon, tne processor wvelidates thaft the srntire Gu#ra*iﬂﬂ zan be
cempleced,  This ensures that if a4 stemory @management Bicgphlon oCours,
the queu& is Lleft in a conzisten: sta*e, If khe  lpstrostion fElLb =z
‘acguire the secopdary interlock, *he ipstrdction Zezs condirtion ocodes
and terminates. '

The aacry #2pacified by che estry ﬂpérand 15 \ngertes  Lntz Lhe gusus
-h
ot




INSTRUCTIDN SET

WHores:

=

. Because’ Lhe insarticn 1§ non-iacercuptible, pracss=ses ' running  in

kerrnel mode cén shers gususs with ldterrupt-servigcs routines,

The INSQHD, .INSQTI, SREMQHI, &ad REMQTT LasTrustions Bre
implemented sucn tiiar cooperating softweare processdEs i
multiprocesscr  nay  aAcceéss a shared iist  without addicioral
aYynchronization.

To ser 8 software interiock reslizsd with a queue, the Icllowing

car De usad;

INSEAT: IMSGTI ... 1Was queu&.empté?
BEQL 1z . - iVes -, )
B3 0 L INRERT : © sEry inserting agatin
CALL WalIT( ., .1 Ty, wWaht

13:

urino acozss validation, a0y scress whicn cannot  be completed
resylts I 4 MeRory  mahAagesent axception @ven theugh the gqueége
iggerzion 'is not started,

& razerved apevand [auls ﬂ:;p?é ii{ snksv, header, or (header+d} i
2n adéress thax is rot guadword afigned (i.se., =2:0> NEQLE ) or-if
iheaderi<i;ls 15 not zern, A reservad operarnd fault 3i50 . oCours

. -

1f hesdac sguals sptry, The dueue 15 not aliersd.

i
|
(i}
L3

i el [ — ke PR T



CINSTRICTTCN SET

THNSOUE

-
=¥
it
in
-
—=
(s}
|
T
LE]
ki

I B TR

Farinat =
ORCGEE ":r}.ub ored.ab
Ooerasica:

If 1511
pegin

ienseyt <- {prad:;
lenzry - £} <- prad:
topredt -~ 2t £- eaTry;
(pred! <- ant=y;
erd:

=l3e
begin
Ebac&up iAstructiant:
“tinmiciate faule’;
and:

MEMALrY Arcesspy Zan be

complezed! then

'forward liak af eptr
'packward l-nk of sncrw
Tonackwars Liak of BEs30T
Horward link of sredocessor

Condition Codes:

M <=~ larteyt L85 {lanery+dl;

2 =- lentry] EQL {entrysdl; tfirss entey Ln gueus

Voe— 0

T «- jenrtrv] LEEY ientry-d4];
SXCEpkiana:

Lans
GRoodes
GE INSQUE [rsacf Insry on Quaue
Descriptiani
The entry speciiiecd by rhe entry operand is inssried iaro -he ouege
felicwing the enitry spscifisd 5y the predecesscc opersnd. [F rhe
entry inserted was the firsc one o the Jueue., the condizion  onde
F-bif 15 set; Stherw_za _:z L5 clesred, The ingsztilor iz oz
non-Lntersupt ble apsrartian., Belcre perfofning any  mart 2f che
goperaclan, the orsscsssor valicdatas that the earire operztion Can oe
compiated., This ensures chat f & memory manasemsanlh edcenticn acIurs,
the gueus s _eit 1n 2 Consiscent state

4-35




NETRUCT IGN SET

Motes:

L}
i
il
'h

1. Three types of inservtion can be performed by agpreonriaze cho
predecessor operand:

8, Insert 4t nead
THSQUE entry.h rhis gueue 3eacd

. inser: at tail

INSOUE

ntey, ah+d ;0 is qusue head
i MoTe q

B
"ET o in tniad case anly
Z. TITrsar:t after arbitrary prececessor
[¥5QUT  earzy,p 'p is predecesser
7. BHecause the irserticon is nen-iaterrupcible, processes  runaing  in

kernel mode can share gQusues with interrup: servic® routines,

1. The INZCUE and REMQUE :instructicas are implemerted such

that
cooperaring  software procegses in a single processor may Access A
shared list withour addicional synchronization 1f the insercicons

and remocvals ave only ac the head or ta:]l of the gueua,

1, Ta He+ a gofkware nterlack red
cah he nsed:

ired wizh 3 quads, the faollowing

THSQUE .,. IWEE qUBLE BMPLY?
BEQL i3 FYES _
CALL WAITL...: ko, walt

5. Juring access validarzion, any access  whigh  Cansot  De  Tompleted
rasyulss  in 4 JIemory Randgenent excentisn even bhougn the Jueus
irsercicn is a0t started,




tNSTRUCTION 527

RN & i Aemove Encoy from Queuws st Head, Interlocked

Format :
opcode  header,ag, addr.wi
Jperation:

fmus- nave write access to hegader
‘header must be guadword aligned
. fhoader cannon egual addrezc of addyr
tmpl - fheaderliinceriockedl; ‘lacguire hardware interilack
'empled:l> muss be zern

I'|'.

-

1 oEmpl<l= ZOLU 1 rhen

Eagia

Cheader!iintarlockedl - emplrlrelease hardware .rtarlock
t2et condition codes and Lte-minate instrucricon):

end;

zl=zm

bﬂuiﬂ

ineadesl{inzeriocked] <- tmpl v I;!set secondary Interlock
L : _ iTe.zase hardware 1notsrTiock
b2 fall memory sccesses can o2 cempletedl then

'checie 15 cke Igllowing car be dans wi-haur

‘CaLSlﬁq 4 MEMDrY MANaAgement @ifeptian;
iwrite acddr operand
rread contencs of beadsr o+ tmpl [LF swpli MEQY 0
write ‘nto header - copl + fheader - toplay
| P17 +mpl WEQU 1}
;al;a, check For guadwo-d aligomsn
hegin
Lremove entry from gueust:
|reledse sectndary inTEr locH?;
=nd:
2lse
begin
{r2lease seczndary “necer ockl:
(backup inssTucticnal;
iinitia<e fauiti:
end;

T

end:

=
1

LE

s




et AR

LNSTRUCTION

Coaditinn Codest

if iremaval succeeded! then
negin
M o=— 13-
£ < Jheadezy EQL T3 'Jueus enpcy Jgfter remaval
Voo- [Queus BEQRY DEIOre tRlS ImSrPuUcticad '
N '
2nd;

elze

: begia

¥ o=- 75
FA L
Woe- ‘did not remove anything.
C &= = .secondary interlack failed
ands :

Excepkions:

Teserved aparand

DE BEMOHI Remcve Entry Ircem Quesue atb Head, Interlocke:d

DEsCTipsion: ’

If the secondary interlock is elear, the guyeze entry fallowing che
neader is remowved from the queuwe and the addres=s opecand -s replaced
by the acddress of the entry removed. [f the gquele was empky prior =g
this imstructien or if the sscordary interlock failed, the -ondition
code ¥ bit i3 set; Atherwise it iz slearsed. TF toe inearlock
surceeded and the gueus 15 empty at the end of this instructicon, the
condicion coace Z-bit (s zet; ctherwise it i3 c¢cleasred, The rzmagval is
interiocked Tt orevent cancdroent inteslocksd [nsestions or remavals
a: the head aor =ail of the same guelde by arcther pracess even i a
mylLiREREess0T | ROVATONDERL. The removal is 3 non-interrdptible
pperation. Before periorming any part of the gperaricn, tne processor
validares that the eatire operation can be complisted., This ensures
that 1f & menorcy mansgement exception accurs, fhe queus is iefr in 3
Conrgistent staca, If the instructian fails ta soguire the secondary
intericck, the instructior sers conditicon codes asnc terminaces wikbhour
dLIeTing the Jgqusue,

e G LML AE_E R R 5. AL WS W M S N Sy S AR S W PN R R S S S S S — Y P S R S — S S— . —— ¥ —— L R e S— - ——
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TRUCTION 3ET

Lr
)
A

W

I

L1}

Hecguss the remaval 13 non-interruncibls,  Drangsses  CUAnRiINS Lr
kerpel mode can shacre Juedss with 10Ierrupt S8Cviss rouULiIes.

Tha INSOHT, -INSOTI, REMOHI, and AEMOTL Lastrust ions acg
irolerented such Thaz cooperatinsg. softwadre processes  in oa
multiprocessor may aczess a8 zharsd “ist  without adcitcional

sTAchraonigation,

To release a scltware inzevicgk resiized with a guege, the
fcllowing <an be ssed:

151 AEMOHI L., ' iramoved lasz?
3EZL 25 ryes
3CS5 % rtry removiag sgain
CALL ACTIVATEY ... ;ACEIvata nther walters
2%

T remove sntriss uncil the quese :s empiy,. the following car  he
A

1T REMOQED L. ranything removed?
BWE P Hiala!

orocess ramoved entry
B3z 1z ' H

25 BCH s PITY TRMEVIND AgaIn
Jueus empLy

Suring access validation, any accesz  whishh cannot  2e  compisted
rISWiTs  in A4 memory  manageTent Sfceprion 2ven thoush the gueue
remagval Is oot stacted,

2 reserved gperand fault ocozurs 12 hesder ar Theader - (header)|
te an address thar i3 noat quadword sligoed li.e. =<2Z:0> NEQU o0 or
if "theaderi<2:1> 1s not =Fera, A *EEE:”Hﬂ aperand  faclk alao
Boours Lf the header addre=zs gperand eguals —he address of bhe
acddr operand., The gueus 5 not altsred.

g e T i S T e S Rl G I Tl B T ik ik O 6 M T B st 17 Pl o e B o 8 B o o o . B



Formet

Semavs Entry from Quede 3t Tail, Intevlochksed

apcode  header,sd, addr.wl

CoeratLan:

IMUSt 1ave Write ACIESS [0 header
Imeader most be guadweord aligned
lheader zznaot agqueal address af addr
bmopl <- (header!iintsclscked); Tacquire hardware interlack
TEEplsEi i MUST Qe Zarso

P otmpl<0: EGLU 1 then
Beain
(haader; [
ftger cond
snd;
=l3zz
bkegon )
ieadertiinterlockedl <~ tmpl w i;lset secondary interlock
lrelezse Rardware interlock
I {5ll memory accesses can be completed} =hen
Tcnechk 1f che [oilowing can oe dans wishout
frausiag & Aenory Management Sxception:
Twrite addr operang C
Tread contents 9§ hesder + (header + 1}
: ' : {[if tmpi NEQU 0O
lwrite inte  beader + lheades +« 4)
I+ {haades + 1 - lheader - &) ii
taiso, cheek {or cuadword alignment
bewln
[remove antry from gueuel:
irelease secondary interlockl;
andg;
a1l3a
begin
jreisase saccndary interlock):
{backup ipst=uctioni:
{initriate fauvlti:
erd;

inceriockadl <- tmpl;tralagse hardwdre interiachk
‘tinn codes and zerminate instructiong:

I tmpl NEOQC O}

i
b
Ci
4




SHSTHUCTICN 55T

L e

iZ iremoval succeeded) then
begin
L
Z < (neader - 2! EQL U;l!gueue anpty after remaval
Vo= {gueue ampty bBefors tris inssroaetioni: :
[ ]:
eads
elsa
egin
M o<= 0
L ows 0
Vos- L1 1Gid not cemowve anvrning
C o<--1; vaecondary interlscik failed
end;
Excaptlorns:
reserved aperard
Dpcodes:
arF RIMUTI  Fepove Entzy from Qusue at Tail, Irterclocxad

£ che segopndary inserlochk s cl3at, the gueye entry pracedin che
header 1s removed [rom the gueue and the addreszs specard is replaced
v the address of the entry cemavec. [f the Jueuse was sopty pricr =o
tols  instructicn er if the sezcadary interlock failed, the condition
code W DIt is  set; atherwise 1= is  clagred, if +ha interlock
succeeded and  the gqueuws i3 eppty &t the encd of $his instrucs=ion, the
conditicn code Z-hit 12 set: otherwise 1t Ls cleared, The remaval ia
irtarlaocked  ta  prevent cancurren: interlocked insertigns or removals
az the head or raitl of Ehe zame gueue by arctner process even in a
rultidracessor anvironment. The remocvai 18 a nas-icterrupkible
cperation. Befgre performing ary parc of tne aparation, -he processar
validates thaat +the szntive cperation can be zomglated. Thiz ensures
Lhat 1l a memcoy managemens excephicn oocurs, the gueue is lef:  in oa
cEnsiscent  Stata, [i the inaztrucktion fails to acquire the secoadary
tnteriock, the instruckion sets zanditign codes and ktermizates without
altariag the gqueve.
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Man=s:

2. The INGQHI, INSQT!,
.npiemented Buch
wultiprﬂcessur may
synchronization.

3. To release a software
follaoving can pe used:

P AEMQTI L ..
azaL 23
acs 13
Canrt BCT AT, L0
251
3, Ta remave entries until the guaue
read:
- AEMOTI ...
IVE 25
pracess remaved snksy
] Lowa
13 BUS ii

l_".:LiE'_'.E EfEFI‘_"-..-'

. Durirg

chasader + [(neadar

. Becausae the rtemoval is
ke-rel mods CaAf Snare gieve:s

E. A -gszerved ooerand fault

nep-lacareapzinla,
with

BEMOET |
tnat
ACoes55 4

intarlack

ceess validakion, any
e3ults in a meEmory
ramoval 1= not s=arted.

atcurs b
11-4
aligred (i.e. <2:90> NEQU 31 o

ACCESS

W

cocosratin

INSTRUCTION SET

nraocesses  ryaning in

iprtap up SRy LA royTiones.,
anad REMOT L inArtrdeticns o
gofkware  processes Lo 4
ganared list Wit hoik addic: =1t

25 aempty,

realized wi

ragoved Llasc?

Tes
oY removing again
crivaze

cther

tE a

walbers

ranyching ra2maved?

ino

ITTY rEmzfinq Jgain

watel  can
mandagemant exdseph:ion aven Lhough tas

Aagacar, )

£
12 g address eh
if theadari=2;1™

reserved operand fault siso occurs i

Juals zhe address oif

B T S T W B LT T SF M T T JO T N AT WL T T PN IR

p=

the addvy operand.

Ls
Lal

S ———

the head

s

The gueus

R e i T

not  be

haager

LE Ok

is not

el & e il

gueus, the

che following <an be

camplated

queda

= 1i, ar
At 1 Aot guadword
Feg A
ey address operand

Jlta=ed,



[NGTRIACTICON SET

REMOUTE Pemova EOEry Fron

i
=
1]
i
T

Format:
cooode nzry, ak,addr ., wl

Cperatbion;

. if 1all memory ascesses <an be comples
begin
ilentryed)) <- learry): Hfor
(encryr=4) =- lantrvy -&3:
addr <- anIry:
end;
alse
Degin
{Dﬂfﬂdﬂ insrruczian:
finitiate faule:;
and:
Candit_on Codes:
W ow- jgntry) LES l(entry+d)s
Z «— faentry! EQL {encry+4];: Pqueua

encry ZQL lentry-di;
ventry! LEED (ancry+d];

AEMOUE  Remove Entry Irom Queus

Desctiption:

The gqueues sntrv specified oy the ety

quaus, The address a;erand 15 raplaced by

watrd Liak of
:BF“H?QFﬂ

operand

el rhen

pradecesssr
Link af successor

EmMpLY

Ina encry Lo ramava

from the

The =ntry

is  removed
" add-ess of

ramovad., if there was ng eszry In rtae queus to pe  remcved,  the
zzadition cSode ¥ Dir 12 sar; otherwise [z is clearsd, 11 che cuevs i3
eiipzy dt the enc of tnis instruczicd, kne fonditicn Docde Z2:hi- is zer:
QEAerYise it Ly eleered, The vemoval 15 a4 ton-interruptible
operasion, Before performing any part of the omerazicr, che sroczssor
valiidates that the =nrTire Jpevation carn be tonpletad., Thiz ansures
that {{ & memacy management sxoenticn scIurs, “he Jueus s left ‘n a
TFAS150EnE skate
1-1704



[NETRUCTTON SET

HNotes:
L. Thres types 2f removal can be performed oy scitable choice of
entey oparsand:
1. Remeve 3k head .
REMQUE 2h.addr = rh is gueue headar
2, Remcvé ar taii
REMOQUE dh-£,acer, - noLs queﬁe neader
i. Rempve arbitZary entrﬁ : - .
REMQUE  eptroy, add: ;
2. 3ecsuse thg rteroval 13 nﬂnuinterruptiﬁle, nrocasses r;nninq LR
cernel mede caa sharze guedss with interruph sgevice routires,

1. The INSQUE and REMQUE instructiong are :impiementecS  such  tnat
cooperabing softwdare processes 11 a4 Singdle procesSsor may acoess a
shared list wizhous additicnal syrchronization iE the inserticns

and removals are ocnly at crhe nead or tall of the gqueus,

4, Ta relpase 3 scfiware inter.osk  realiZze? with a cueue, the
foliowing can ke used: ) : T

REMOUE ... PuUeUe 2muty?
BEQL i% tYES
CALL  ACTIVATE(...!) ;hczivane pther waiters
L3:
5. To ramove entries wntil the cueue s empry, the fallowing zZan ke
uasd: : :
25r REMQUE ... .o ranytbhirg cemovaed?
avs EMPTY i wla
BR i= 3

&,. During access validation, any
resulks la a memory menage
r#fcvai 18 rab started.

AROTESS  WHAlSh  cannat De  SoTmoleted
mEiT eBXSEAtICn evarn thaugn e Quoue

x -l

O S —————— T T ST s



[NSTRUCTION SET

1.% CHAIRAUTZR STRING INSTRUCTIONS

[

& character scring is specifisd o

r
L. An ynzigned word operand  whi spacifies the lzrgch
character string in bwvees, i

[ 1]

2. Thne addrass m

the _owast addresse
This is spec a-

ied by a bhyte cper

Il

Zazh of the character string :irstructions uses  geferal ragistess

Ehraough RS Lo Contaim a cortrcl  =lock o whis FmaELlzalns

addrezees ard s-ats during the ewsturion of che ing:sruetion,

RO

undaked

at

complezion, these registers are ava'.able ko safcware bo use as string
specivication coerands for a3 subseqgusnt imskroction on a4 cons 1gunu3
ndir

fAaargcter 3
intarraps oo
t3 oppdared, & first part dgne SiT Ls gse2r iF she 5L,

ng. During the zxecutian af tke Instructions,

r
a
-

Figurs 4-1i.

i
dicions are tested and If any iz found, the cmntr&l olack

: ) , _ anrd =zhe
-NELruction laterrupted. tzer zIhe intertuptign, whe instructiaon
resumes crangparentiy. The fgrmst of bhe conzrol bleock s shown

rigure 4-1x Chavsctey Streing Control Block

LEMGTH 1 A

AOLALSS | cme
LEMGTH 2 £

ADCRESS 2 o
a - rd

a . RE

BT TET

in

The Z elds LEMNGTH I and LINCTH 2 =msntein “ha nonber of ov-gs remalniag
t3  De processsd tnothe Iirst and second string agerﬂnds-rsspectLvelv:
Tha Zizids ABDAESS | and AJ0RESS 7 ~mpcain tng  adéress of rhe nexs
ovte to g processed  in the  firsr oand  sefend scrlisg coerards
rasoeckively, S
HAerory access J3ults will npf gocur when 2 zers langta strang 1S
E-FI"_"C.L_E": oe EUss o ﬂE‘."llﬂ'!"r' ._"':‘-_:EI!'-E:"_.:E L R A - .

e e L LR R T i TR o R Lo S e e LR A R p—



s C”Iﬂﬁ SE

WA Move Characher
Farmat:
opeode len.rw, srzacdr.ab, dsgaddr.ab 3 oueriand '
aprode ST :Lpﬂ W, 5rcaﬁdr.a:. fi:l.ro,
dstlan.rw, dstadcr.an 7 aperand
dperabtion:
kroal <~ Lan; Vi moerand

pr? - sresadds;
Tmpi - ds-addre;
f tepZ CPREU mpld thern
oegin
while zmpl NEQU % do
bagip
fempls == {n@pal

kmpl <~ Lmpi - L:
tmpZ <- tmpd + 1
tmpd o <- tiend o+ 1

el
BL <— tmpl:
BRI - Lmpid;

and )
alge

oegin

tmpd <- tmol: .

—mp? - tmp? o+ EEHT[_mpa?:
zaupd <- wmpd + ZEXT tmpli:
willie tmpi NEQY O do

.....-E""'l"l.
tmpl <- tmol - 1;
thp? <- EmEpd = 13
tmpld <= tmp: ~ 1:
itmpldl <= (tmpdl;
end;
AI <= ~mpd = ZEXTitmpdl;
Bl <= tmpd - ZEXTYomodr!
and: :
BO <= O;
2 == i
R4 =<- 3,
o <— 1z

1-io7
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CHNSTRUCT IO 357

Tmpi - srolen; PR operand

cmpd <= srcaddr;
tmpi - dstlen;
sopd <~ dstaddr;

f tnpd GTRI =mpd then -

baain

whils iompl WEQU 9F AND ftmpd WZQD Ji dJo
hegin
fcopd ) =- (tmpZ);
emol <- Emol - 1;
tmpe <= Empd + 1:
LRP3 - tmpi - 1y
Empad <- tpme + Ly
and;

whilile topd WNEQT J &o
Deqin
(tmpdl <= fiLl:
capd <- Kmp3 - L;
tmpd - bepE: - Ll
arid

RL =<- tmpd:

B3 <~ [mps:

end

elze

begin

tmod - HMINU{bmpi, Bmp3v;

tmoE - tmpd;

tmmZ +- tmps + ZEXTItmp3l;

tmpd <. tmpd o+ ZEXTItmpel;

witlle kmpd GTRUE wmpl da
oegin .
tood <- tmpd - I
tros: <- Lmpd - L3
sEmpg o<~ fLll;
and;

while tmpd NEQU I da
Decin
tmpl <- tmpl - 1;
bapd <- mmpse - 13
bmps <= emp3 -~ 1t
kgt <= =mpe -~ 1;
ttmpd) <- frmoll;

ard;
Ml =- rtwmoZ -« ZEET fhmpbhir
Ri <= rkgpd + ZZXT (Emph;;

r-_L&

o o T T T G T T L i Gl ol il o el 7w e e e e 8 B o o e o B



INSTAUCTION SET

Condition Codes:

L=

. MOV 3
z -
'I'l:l' o —

Co=-

L ]

— gy ey Ey

M =~ 3
L <=3
Vo 1
£ «—- 3¢

rolen LS8 dstler; 'MOVCS
rzlen EQL dstien;
i

clen LE3Y dstclens

Excentions:

none

Oprodes:
FE| MCOWC3 Movwe Characzer 3 Cperand
2C MCWCZ . Mowe Charac:ar - Qperand

Degcriphbion:

In 1 operand format, -he destination string specilited by che length
and des:zinakian address operands s replaced Dy the souerce string
spaciiied by the length and sgurce addrPEE aperands. in £ cperand
foemalt, tThe destination sircing SPECE tfied hy the dessinatinn length ang
dzstinazian address operinds 18 replaced by  the  source BLTLNG
zpecifiad by  the sSource length and ssurce address aperands. I phe
destinatian string is longer =han <he =Spuarce Se-ing, the ;Zghes*
addrezzed bUtEE af rhe destinaticn are veplaced by the 1
[f rhe destiration string is shorter rhan the ©3ource =
Fighest addressed Ekytes of the source  siying are nat maved. The
tperaciagn of ths idstrucktion 1s such taac dverclap cf the sourge  and
destinacion strings 4o8s nat affechk the pesgit.

C4-lu



INSTACCTION ZET

HOT2E!:
. Alter exscution of MOVCI:
RG =0
RI = address 2! ans byte keyoend rhe scurce strons
Re = @2

R} = address of ope byte bevond the destinanian string,

Ag = 1
RS = 1

2. After eaxsc-ubkiaon of MOVWIGE:

N S0Urce string.

21 = number of unmoved Eyvtes remaining §
ring is lornger

Al is non=zmero cney 1f zourse s
than destination sIring

R. = addrezs of une byre bevornd -he Iast bytae
inl scurce skcing that was moved

g2 =10

o
L2
"

address of one byke bEeycnd the destination stoing o

R

ifu
1

RS = 0
I. MOVCE ls che preferred way to copy one block cof memory t3 arather,

4. MOVET with a d saurse

L 5 the praferrad wavy o £111
a3 nplace 27 memorsy «with T

o —— ey P S Sl R I 8l B P ol 7 e S bl T I D ] ol o el T mmmele? o ¢ RSB 8 B B S A 8 8 B S R M B R SR SR R B e 8 e R o R o



FLTROSE:

Formate:

INSTROCTION 37T

.10 DPEHATING SYSTEM SUPPIRT INETRUCTIONZ

Chancge Mode

Fequest services ot mocre privilleged scitware

opcade code,rw’
Cpacztion:

Canditin
HoL-
T
o -
£

mXCeptin
rely

Toecodes g

=1
BL
B
g

tmp? <- i{mode salected by cpoode (KeD, B=l, 5=2, (J=1]}:

tmp? <- MINU(tmpl, PSL<CUR MCL=D; imaximiza privilsge
Emal =- ZEXT (zodei;
if ipSL«<I3> EQLI 1| fther HALT: ) L1illenal from I ostack
23L<CUR MOD> SR <- 55 lsave old stack pointer
TmpE - tmpd SP; lget new astack Doincer
PRCBEW (from Empd-1l Ehrough’

tmpd-L2 with moda=tmpd): Pibhmok new Stack AcCess

if {access contral violatiornt erhen
' l‘mpitiate access wialarion faulet:
F {rrans=liation raoe walid: then
[imitiate cranosliation ot walid Eaule):

iiniziats CHMx exszptich with new moda=<mp?
and szramezer=impl
using 0+tpeli=d (nex! as 5CE offser
using trod as the new 5P
and not staring 3P sgainr!

n Codes;

.l'_'l..-

g

S

oop

HE

]

ns:
CHME Change Mode Ec Hernel
CHME change Mode to Execuzlive
CHMS Change Mode to Suparvisor

S dser

CHMO Thange Moce




[ENETASCTION

e e

SET

-

descripbion;

Lhange
113 gntrolled manne:=.
':-.-'.-"',.-r

A change 1n modes slse results

Mods instructions allow REVEEELE

10 change KEhzir  ECoess  moda

Tnse  tastruction only Increases oriviiege

Zeocreases the acoess paodel,

in a thange of stack pointers; thie old

Eointer ia sqved. tne aew paincer {8 loadea. The PSL, 7C, and code
Dﬂﬂﬂfﬂ Dy tne inscructioa are pushed cafo the stack of the new mode,
The savad PC acddresses tne 1n5:;uc:1ﬂ1 following the CHMx insersuction.
The cods 15 sigrn extende Afzer execusion, the rew stack’s
appearance is as shown in Figuru 3-:5,
EIGh EXTER LD COOE Sp
UE GF NERT IMS “SLSTIOR
F
OLL PSL
H
A v EATE
Figure 4-135 Stack After Change Mode Instrection
The destinatsizn acde selected by the apgode is used o sozain a
location [cam  the Syszem Control 3losk, This location acddresses the
CHMx dispatcher far the specified meode. 1f the veczar<l:ds code  NEQU
T tThen the operiticn is UNDEFIHNED,
MNotas:
l. Az wusual far faults, any Access Viclacion or Translaticn Xot velid
fadls saves PC. P3L, and leaves 53F as it wes at the begirning ot
The lnstrocftion except foF any pushes onza the w=rnel stack.,
d, By software conventicn, negabive codes are  fedfarsved ko O%5 and
CLEstomers.
1-113

o o e T . |l Y e
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RET Fet.r® from EXceptlicn OF IRLerrush

i

DEmAT Y
cpoode
Cperat iont

tT 1l == dEFiF: IPich up sgved PC
LEDE <o (SP)e; land PSL

if 4TTD?*CUH MaOD= 550 PELiCUﬁ_HGD}} R
© itmp2<IS>"EQLU 1 AND PSL<IsS> ECLU D) OR

{tiep2-I8> EQLY 1 AND smp2-Cy R_HDH? NEQED 0}
itmpZ<(5= QLU 1 AND 'mpE{LPH: QLT 41} Dq

[tmp2<!PL> GTRU 4 AND -mpl<CUR MOD> NEQU 1
| cmp2<PRV MOD> L35U tmp2<CUR_MOD-} OR
| tmp2<IPLE GTRU PSL<IPL>»} QR

[tmpld<PSL MBZ= NEQU 1} then jreserved apsrand fzul

CER

DR

[
e

if PELSISx ZQLY L shea IBF <- 57 !save old stack Dolnrer

glse PSL=CUR MOD> 5P <- 3P:

1f PEL=TP> EQLY I <hen tmp2=TP= <- 1; TP <= 70 or staczk TP
BC =- tipl;
PSL =- tOEZ;
if P&Lofg= EQLU 7 then
tegin
SP <—- PEL<CUR_MCI- 3P} rawitch stack
Lf PSL<CUR_MGD> GEZU ASTLVL tzheck Ior AST delivery
then ireqguest Lntervupt at IPL 2
and;

10l

heck for soicware interrupts:;
lear iastruccian look-ahead!

EELIE LY

Coaditzon Codes:
M o=- zayed PELwIN;
2 == saved 2ELC2n;
Voe ggvad FEL<LT:
C «- sawved DEL<Q>:

Fizeptions:

razerved cperand

" RE! Hebyrn from Excescion o&rf INE8rruDt

&
at
—
geed




IHETERY

H
=
=
G
o]

1

Lagecsiptior:

Ao loesmrgword 1s gopoed from —he curcent szEgx and kReld a4 & ceTDor

ary
L A second longword is oopped from sha curreea+ steack ard keld 19 a
tEOpnrary PSL, Yalidiry of the poooed PEL 18 checiad. The ocurtens
stack painzer 12 saved and a new ftack DainTer 15 selected acsarding
o e new 5L CUR MCD ard 15 fields, The level af the hintEE

orivi_egs AST is  gnscked against the furcert mode to See wherher a
gending AST =an pe deilvered, Ixgecution cesctes wizh th LREtTUCLian
¥

Deirg  axecuted at the time of rhe excepzion or lazersupz, 4
1astryctian look ahead in the processcr iz reinitialized.

Hotes:

1. The excesticn or interryct garvice rouwtine i3 resaongible  for
T2ELOSING any  rewlfters sAVEC AN renaving parsamecezrs from Khe
sfacd, -

Z. Az usuel for fauits, 3n¥ Access Violasion ar Translstion Wot valid
conditians for the stack pops restore bthe stack pointer and faclt.

s o o g 8 e [ o s o o, ] ol . i e B o I S ] e T T B Rl T TN e B T TR T P Bl e Bl o e a3 e



LOFCTX

PUroosa;

Format s

Tparation:

CNSTRUCTICN S5E1

Load Process Contsext

restore '-'-?:q':l.StE'." and OEMCE Y MansgSemre:lc SOonCeXt
opoade

tE PEL=CUR MCD> NEQU L
Then {priviieged :matructicn faulth:
finvalidate ger-process rranslacion puffac ent
tPC8 is located by physical address In PCER
RE =- (PL2+16GG; .
Al <- (PCI+200
RE <- (PC3+241;
BRI «- [(PLB+2B 0
g <= (PCB-120;
RE <- (PCE+160
BE <— (PC3+100
R? «- (PC3+4d:;
RE - [PCE+LE
RS <- (PCE=520;
R1D == (DC3«560; .
R11 <- (2CA+R0);
AP <— [(PCB+E1):
FP <- L[PCE+ERB !
rmpl - (PCBR+E30)

Tiegi;

i [empl=31:30- MEQU 2] OR rmpi<l:d= NEQU 0! thae=

IUNDEPTHED ;

GER <- tmol;
f (PCH+341=531:27> NEQU 9 thea ;UNDEFINSD::
f IPCH+841<23:22> NEQU J then iUNDEFINIDS
POLE <~ [PCH+AdI<2Ii0>7
iZ 'PCB+84)1<26:24> GEQU I then (UNDEFIMED
ASTLVL <- (PCB*BSi<IB:Edx;
tmpl - {PCE+A8);
tmp? <- cmpl + 2%*37 .
i {=mp2<31130> NEQU 2} OR {rmmz<l s NEQU O

: [UNDEFINED] ¢

=k

~a

F18R «<- Crol;
10 (PCR+321<3 023> NEQU [ then 1UNDEFINED!;
PLLE «- PCO-3Z1=2110%=;
19 TPCE+32130 20> NEQU U then {UNDEF[NEDRE
L€ PEL=[5> EQLY L =hen

begir

IE2 «- EP;

(intarrupts affi;

A5L=158= <= 1;

ifintear-upts anl:

[l
r

4-1.15%

Lhen

S ——

-



INSTRAVCTION 3

ttl
v

end:
SEF =— {DCH) ) lger new RSP
Pl =- {PCH+TE; tousa BPSL
P =- [PCH+723}; Ppusa PO

Tordirion Codes:

(I o -
o
1
-1

- )

reserved apsrand
ariyiiegad Lnsfpruactian

npcodes:

[ )
s

LDOPLCTH Lagd drocess antex:

NescripCiant

The Procsss Contool Block is specified by the psrivileged register
Process Control Elack Bass, The gerera.s registers age Loaded from the
FCH. The nenocy management registsrs descrihing the process addreas
fpace  are alsc  lgaded and the pgrocess enbries in the transiaticon
hufier are clesred. Execution 1s switched te the kernel stack., The
PCoand P80 are moved {rom thne PUS o the stack, suiteébls for use hy a
sLbsequent RE. instruciion,

Mot

1, Laadirg ASTLYL wich LIOPCTX Joes rnot affest SISR or  regues: 4
salLware  inTerrupt. Thocee Rifects of ASTLVL ocour nniwy during
RET .

2, To guarantes tarrect cperazian,. @ JJIPCTH must e followed by an
AEI imstruction. .

. To guarantee Correct cperation, a _JPCTX on the 1ernel stack mugn
e pwzouted with interrupts dizabled.

et i R T T B T O S



INSTRUCTION 58T

SVEFLCTH Save Procogss Context

Porpose: SAVE r=glster Cconltex:

Format: .
nacade

Dpearation:

1f PEL={UE MIDOU> HEJD O onsn .
Tprivileged iaszructian faulti;

'PCEB is Locatsd By poysical address in PCHB

(TSl 2- A0

(PCR+20) ~— A1

{CB+23) <= FEZo

iDCE+28) <~ B3

{BCEr32) <- RA;

{2CR+345) «<- RE;

{2CE+42]) <- RE;

(2CB+34) =~ RTY

{2CE+dd) =<- RE;

{PCRE+32) «- RD;

'BCE+54) <- R1G;

{PCE+53) =- R11;

{PCE+H11 =~ AR

{CH+&B) =<~ Fb:

[PCB+72) =- (532)-; lpop PC
IPCRFTED <- (82)1-; toop FEL
Tf PEL=IS» EQLU 0 then

Beqin

PEL«IPL> =- MAXD(L, PSL<lzL=1;

LRC3) <= EP: ‘sgve H3T

iinrerrvupts offi;
PSLe T8> - L

3? =- [5F; _
{incerrudts ca;;
and;

Candi<ian Codes:

N <= H»
T == £
Woa—
oon= O

EBxcsnticons:
priviileged insTTuocTian

Dotariag

- - ¢ ——————— ——— T — 5w — wo — [ o ]




INETRUCTION ZET

escript

The Pracess Control 3lock is  specified by the priviieced reciszer

Pracess Cantraol Elock Base. Toe genevral regiztcers ars s3vad iaka -ha
P33, The PO apd P currentiy oan zhe top of  Ehe oCurrent szac< are
pepped  ard stargd in che PCR.  If a SVPCTX instructi=a 1s exesurad
wien [5 [s clegar, then IS8 1= set, the interrupr stack poilntar i

a7

SVPCTH Save Procosgs Osnatexd

aft

b

dctiwvated, andé I[PL 15 masiaized witn I Besause of the switoh to bEhe
nterrupt stack,

Motes:

e el ol LT L SRR L U

Thae map. ABTLVL, ané 2ME sonzent: of che 208 are not saved kecauge
thav are rarely changed., Thus, oot writisg them saves overhead.
Berwaan the SVPCTY iestruzticon Lhar saves steate Jor ooe QOracessy
and the LDPCTX zhat loads the state of ancihee, =he interrna. stack
pointers may not be referenced by MEFPR ar MTPR instructions. This
implies that interrupt  secvice rocsines  invoked at s prisrity
higher than the lawest one uzed for contex: switeking must  not
cefesonce the process stack oolnters.

B R O T T L T e e R T ot R R e L B L R ST L] Rt ] T T T T N S ——
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MTTR Move Ton Drocessar ABgisTer

cooode  svoLrl, preocres.ri

Cperation;

if PSL<CUR MOD> NEG 0 shen ‘resecved

) inscruction faultl:
FRE[procregl <- seq;
Condition Codes:
W <- src L3 I: 'if regizzer L3 replaced
2 «- zco BEQL d:
Voa- 0
T == O
W o<~ M tif register.lz not replaced
T w- Zr
o 1I;rl,
om0t

ExcRpLIons:

rasarved aperasrnd faulce
reserved instruction fault

Spoodia:

DA MTDOR igeer

Move To Procaessor Reci

JesCripticns:

Logds The source

nparsnd specified by Sourse  Lnta thoe proSessor
registar specified by procrsg. The Draocred 2perand 13 & lerngoword
whish fontains the pracessor  Tegister number, Exesicis Ay  have
ceslater-specific side affesty,

Hozes:

1. & rezgerved inatruction Zault coours if instroftien exeiutlon s
aptempres Lo qtisr chan xarne. mode.

2. A ‘Lsﬁ*"ed oparanc fault occurs on 4 movs to & r2ad only regis-er,
oy iI  the vegisteyr does aotr exist. However, i 3 register is
arplemented anly &5 a PCE location, = rese*‘=” cperand Zfaliz daes
noe oocur,

1-Lli=




e b smEc om P FEN e

THSTRUCTION SET

™
-

YMFPR Move

Fooiiaz:
Ast.wl

Jpooce pracreg.rl,

operation:

soin Processor Regicter

1 PSL<CUR MOD= NE{ O then [reserved

nsteuction fawich:

d3t =+ PRSI procTegj;

Cordiclon Codes:

H «- A==t L58 J; tif destin
Z == ds= =QL 9:
oo . :|:

I S i

[ s
"

oo
LIt
L I o e

Yo
,
1

[+
tal
]
I
“
11
—
[
e

nes

regarved aoperancd Eaulk
regerved inscogccian faule

MEFZH Mawe From Prosessor

Gezcriprion:

The destinasian opercand 13 cegldcad
register soexified by procreg.

'if destiration

replaced

is not replaced

o ; -
...E.q 1STEer

conzents of the
pracrsg operand 15 &

o¥- Lhe
The

'F'I:'E--:E'S.El'_"'l'
lonowerd

which contains the processcy registher number, Exocutioa may have

register-gpeciiic 31de siigcis.

Nozes:

L. A reserved ipscouccion fauit ooours E 0 LRstouLcChicsn xXecuTiod s
atzerpied in crxher than kKerfnel moda.

2. h reserved operand faclt occurs on & move Irom A write  dnoy
reglsizer, or iI rhe vegister does npot exlist. However, I 3
reglater s implamentsc ocnly as a PCR _o2cabior, 4 reservec oherand

fauLn doess not 2szur,

1 o, el M W] TS0 O o e g ey o g ey o g Y P Rl o i Bl [ AT

S R P — D ————— TP T e T



[HSTRUOCTICN SET

PROBEx FROBE ACCESSIBILITY

"
13
"
o~
[
I
II.-

'J'E‘I!‘ F;I-" Hhat argumenrts Zan he acreggsed

1]]

v}
q
=
(1]
a1

apcoRe  mads.rb, len.rw, pase.ab
Jperacions

prooe moce - MAXKD (mode<lids, PEL<PIV_MDDr]
mondition codes <- laczessibilicy af hasel ang
' laczessibility of fbégs-ZERTileni~1}}
uding orobe cede

Condition Codes:

H == 07 ’ .
2 «= Lf . ibothk accessiole! then 9 elss 1;
Vo G

-

o <=
Exceptions:

~ranslarcian ndﬁ walid
cpoodes:

o PROBER Probe Bwad Accesstibi’
20 PROBEW Probe wWrize A::egsih

DgECrionicng

The PRECGHE instrocticd checks the read ¢r write agtessihilizy of the
firat and las:z bovete spacified By ke pase address ang the zesrc
2xTandad Len.tu. Note rthabt “he oytes irn Datween are nat  checxed.
System sgitwars must check 3atl pages Derween the twa and owies i they
will pe accessed,

The protection @ checked acainst  the lLlarger iznd  thersfore  less
ariviieged! =f the xodes specified in Bits <l:dx of the mode cpevrand
ang the Pravicus Mode Iteld of tre F5L. MNeoce that probing with a mede
IReErand 2f 1 i3 eguivalarnt 12 orobing  tae mode  saesiiied i
FEL«previous-modes,

M- $iapt Al 1Caoy tna address of firzt arg s8¢ thas
1oLfocan't ba cnangea.
PROGBZE O #9,84, IRO: - pVesilfy Thae the _ongwodld poinmad tg by




CINSTROCT[ON 5&7

s

Brancn ([ eirher

povilclation, _

MY 820 RO sCapy length and address of Dwiler av
nat they man':. change.

v that the Lutfer desceibed by ¢

and 3Ird args could be written by
the previous socess moda.

More thar the zrg list mpust alresdy
have besen probed ard that the 2rnd arg

SEoL wialatiaon

18]
T

ran
in

PROBEW  #C R0, (RL)

kg =m e Ry by Ry wg =p =

muUsT De Eocwnh to be ‘ess —han S5LE,
BEQL riolation dranca tf elcher oyrte gives o ACCess
violdtien.,
Tlowsy

The fallowing Ilows describe the operation of FRCAZ opn  eack of the
virmyual addresses 1t Iz chkecxing. Mote chat  probing an acdress
returns only the accesgibilicy af the pagels) anc hdas no effi2ch an
tneir residefncy. Howeye, Drodifg 4 Orocess 3dSress may cAuse A page
Eauls ia the sys=em addraess spac2 on zhe per-progess pags fables,

L. ook up wnhe virtual sddress in ths translacioen puffers, 18 Found,
dge the assofiaced oratection fileld te derermine the accessiblility
and EXTT.

2. Checsk far largrh viclation far Syster or ner-Process  gaddress ayg
sppropclate.  If lengtn vioiaticn then rechro Mo Access :pd EXIT,

17 Zvatem virtusl addéress, form povsical address of PTE, fetch the
PTE, wse tohe prozesztion field :o determine the accessibilit

i, For per-2racess virtual address. owsz 3 a4 wvircual Memdry
refererce [or zTae PTE.

a. Look up the wvirtuai addres=s of  the i
pufier, form the piysical address
tke PTE, use Lthe orskecricn :
accessibility and BXIT.

TE in The krars.atit
Lha BT i‘ Found, fet
y| ; r

2, Checw the System virtua! addres: of  the PTE Ior  Zangeh
vyijiaiazica. If ienqgTh widldtion,  Rhen return Mo AZoess And
EXIT.

. 71 v- Bage Table EBnsr-y Ior bhe page contalialng the oer-proosss
TS,

- . T e me mem e o o el o " P o B R Y ¢l D T T T Gl N Tl Tl e U 0 G S R S % e o o o o e e M, Gy P B e ] P P T PN
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A, [f zhe protestion field af 7. indicatss na  zcess

& % oo avern
reacdapis py dernal!,  then resurn Wo Accesi and BEXIT. & ro
access ta a page of BTE's conserves scorags space Ior  a  page

full of noc accass PTE's,

g, If rhe valid hit in T
Faulit and EZXIT. Tht

5. 0, =hen take a Translacian Not valid
z o
per-process page tablea,

¢
ase a’lows for che demard pagirng of

£. Finallv, caleulare the physizal address af the per-process PTE
from the ©0FN field of T, {etck the PTE, use he orotection
Fiald fto detsrmine bhe cvceszibility, and THIT.

5.

If £8e Valid biec of the examined Zage Table Entry 8 s58t, it i3
unpredicstable whethgr zhe Modify kit of the examired Page Takle
Znzry is get by 2 PROBEW, It the VTalid bit s ¢lear, the Modity
nit is noft chaaged.

Sicept for 1, abkove, the walid wit of the Page Tabls Eatry,
TE<3L>, rapping the probed acddraess 1s Lgnored,

4 length wialation gives a status of "not-accessikble.”

On the proke cf a orocess vircaal addeesss,

if the wvalid Dit of the
system rPage  Tapie Sntiry is 2 then 3 Translation Hot Valid Faulc
gocurs., This allews {or she demsnd paging af the process  page
tables.
oo she probe of a process vireual address, if che protecticn field
af  the sysiem Page Table Entry indicstes do Access, then a status
af "nmobt-accessibie”™ is given. Thus. @ single No Access Page Tahble
Znrrvy  in the aystem map is equivalent to 128 Ko Access Page Taole
Zntries in Zhe process map. .

ik
|

-
[
Lo

1

SET



INSTRUCTICN BET .

.13 PLOATING ZOLNT INSTRUCT ICMS

Thesze Ingtriericns are implemenced 10 hardware aaily L[ the cpiignel
fleating point onit IWicroVWAX TaL2Z FPU L2 present in "he svystewm.  If
tne aptionar floating peint wric L5 nest present bhe SMicrovax 78012 CPO
Wwill exsciyte 4 reserved operand fault for any of these inskructions.
The MiccroVAR architec-ure 1ncliods: floating po:ift ingoructiams  thag
oparcta an F_Iloatling, or_ floating, and G E-DLTL.: Aaza zypes (seo
Chapter I,

sarheratizsiiy, 3 floating poin: numker may ke defined asz naving  the
[
form

[+ or —r.[E**RE*E,
whare W 1% an ntager  &n
Fﬂm-vnn;5h;ﬂg numper, K
"EI1'|-'_'I._'!' l-Gﬂ

nd £ is  a non-negative  frectian. ror 2
and § are uniguely determined by imposing the

if2 LED f .55 1,

The trvactional factar, I, o2f the nuncerr is =hen said to D& Diracy
notrmalized, Far <he nuomher zera, [ mus+t De assigned the wa.ue 9, and

rhe walus af %1 15 irdecermitate,

Toa MicrevaXE flsaziag peint fakta formats a2 dercived  from this
mathemakical rapregentarion  {or flcaring point  numbess. Sirgle
oracisizn, cr F_floatilng, daka is 37 cirs -ang. Dounle przcision, o
B fipgring, and extended range dovble orecision, or G fl:utlﬂg, Za
Wl

15 &4 bins leno,  Siga maonitude ne-ztion is wused and  che follow
naracraphs deg-rise fzs ouse,

4,l..1.1 Ngn-zero FLeating Point Humbers -

The most significant bit of the floAtiag point data s the s.gon it

1"

U fpr poesitive, and [ for negacive.

The fractional factor €00 dssumed  parmasimed, 30 that Lis mos:
ﬂljﬁ_f1Lﬂﬁt it musT he L, Thizs I 1z the "hicdsrn” Dir: ir 15 not
snarsc Ln thae dacs wood, but or Course —he bherawsre restores 1o befnce
CArsYLag 34T aribfnpmetico JPEraLions. The § flogting, 2 _llocartinag, 4and
4 flJ't_FF Jdata trpes uie £3, 53 and 37 Bics, reapsctiwely,  for  f,
wnizh, With ne nidden blh, Lmn'g gffoctive signilizanze of 24 kBirs,
Eo bits, eand 53 Sits Por arichiletilo 308rab.ons.

s o 3 e s o o 5 e o o o e a5 e e g ] R T D S PR e (o il el T 4 T L Tl el RT T T T 6 TOTI Y el Pt S T T o 0% S O R e 1 e



SHSTRLCTION

?_i‘Gating ard D_figating cata kyoes, eighe bizns ares resarved
e srage of The exponent K in exsess 123 notatian.  Tha
£a frﬂm -123 to -127 could be represented, in biased form, by O

For -epasons given belecw, 3 Ciased TiP of 1 ltrue FKQGﬂEP* af
5 regerved for Eloacing point zerc. Thus, fo- the & fleoaring
leazing data types, exponerts sve restricted ta the rEnqe =127
inglusive, or in excess 123 aotaticr, 1 7o 253.

.-"1_:,31

L |

a0

tl
r
255

[l -
o I I SR o - ]
(ML S iy ]

Lo

i
=
L

T |
Il &1
Top 40

-1
In the O_floating dats type, sieven birs are reserved for the =
i the ﬂm:dﬂeq+ in excess 1024 notarion. A biazed FEPINEnt O
raservad for flcating point zera,  Thus, eXpOnent® are reaszrice
-1033 o +1321 inclusive (in excess notacion, 1 o 20470,

S
a4

m ora it
et =]
It <0

[m]

4

$,12.1,2 Flogting Point Zess -

Bacauze of thke hidden bic, the fraccional fzctor is not available zao
distirnguish hetwsen zera and non-zera numbers whdse fracticnal factor
13 2Ractiy 172, Therefare YAX rzserves a siygn- exponent Eigld of 9 for
thia'puPﬂﬂsa. Aoy pas:zive floaring paoink nurber wicth blased SHRPONENT
af 1 1s created as if it were an exact 3 Dby the fleating poins
inft"u“tﬁnﬁ set, In partigular, a floating point ocpevand, whose bits
arg ail 1's, is traated a3 zero, and this Is the format genarated Ly
a:1 floating point irsteuctions for which ke zexult is zera,

4.11.1.1 Aeszerved Opercands -

A resgrved operand s delinad (o LHe .any bit pattesn wich a zign bir af
one  and 4 blased sxponent of ze-a. ALl floating peoint irstructions
gererase a fault il & reserved operand @5  encounterad. Eince a
reserved operanc has A biased exponent of %, it can be (irternaily!)
generatsd only f overflow accurs..

2,11.2 Accuracy
A floeting point ipstruction is cef.red o be exact |4 irg rasulin,
exrended oan  the right by an infin-te seguence of zeras, iz idertis=al
o thet of ar infinite precisicon rcalcularion irvelvimg the  zane
opacands, Thke prior accuracy af <he operands ig thqus 4qnured. For
1l drithmetis operations, excepr DIV, a zerc opavard impliez thaz ths
inshruckicorn 12 axacs, The same s:atement halds for D) U _E Lia Za

41

T

operand (s the divideand., But (£ it iz rhe divisor vision i
mdefired arnd the instruczion faclts,

dome That én arithimetlc rasclt ls ewact LF ne nan-zers fitas are  lost

irr chopping  the inflrite pr2cision resule =0 the dacs lergif bo ba

stored. Crhopping (s defined to mean that khe 24 !F flesa-iagl, GSa

'B_Tioeeingl, ar B3 05 flaatingd  miak order nits of the ruroalized
1-10F

o ree g e o  fa  mn  famemd  o wemen Tans T o o — i — o ———— {— —— 8§ e -
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[METACCTICH 3

fracricmal fastor af 3 resplt Are stored) *he ragk ~F the Birs Ars
Ciscardsd. The IZicsr bit lose  in choppiag is referred fo 25 chie
"roundiag? biz.  The walue 27 4 roundsZ  resillT s relatsd Lo Lhe
chnppned resyar as fcriows:
1. 1 ke roundirg 21t .5 one, Ltie  rouynded result 1% the chopoed

re3uis Lncrementad by an LB {leas: significapt Ditl. -
Z, II the rounding bit Is zerco, che rounded and cocpped r=Esulbks arae

idenzical.
The VAR archi<ecture implsments rourding 5o 45 to produace C28uits
ideartical to the resulis prodeced by che foilowing algovichm. Add a 1
ta che rounding Bie, and prapagake t“he Zarry, ii it ooours,  Hobe that
& rencemalizatier mav oe veguived sicay rounding taces oslacs; Lf this
happena, .£ae rew Tounding kit will be zero, =3 1t Zan  Aappes only
ancs. The faillswing summar:zes the relations zmong chepped, counded
and true (infinitze precision) -esilts:
Y, If & ztored resuelt s exact

rounced walus = ckopped value = froe waluoe.

- -5 = g - cle T S - H™ - ; .dF' P
2. If a stored resc ta nck exact, itz ragnitude (5@

&. always les3z Than that of the true regult J¢r chapping.

b. &lways less tnan tnaz of the frue regele for rounding 1D ohe

roanEiag bit 12 zero.
£. draatas rhan chart of the troe result for roundirg if The
rourding oir iz one,
1-:2€

—=m
P



THEYRUCTION SET

4,11.2 Iastructign Desmriptions
A0 3dd Compare anmd Brancno
Format:

spcode timiz.rx, add.rx, index.mx, displ.bw

Operatian:

irday <= indewx + add: .
if {{add GEg 3% amD [indek LER limitii CR
i jadd LS55 4} aMb [index GEQ limitti then
PC o2- PC = SEXT(disoli;
Condition Coces:
W «- index L5F J;
Z «- inded EQL I
I
LI
Exraprions:
floaring overflow
[loaring undardlow
rezerved opersnd
dpcodes:
4% ACBT sdd Compare ard Branch ¢ Iicating
aF ACBD add Compara and Branch 0 _floatirng
4FEL AlRG Adgd Comparce and Branch 5 _flaat:ing

descriphbioan:

Tae addend cperand s added bo the index aoperand ard che index operand
iz replaced 2y the result. The i1ndex sperasnd 1s coapared wich kne
limit cperand., -f =—he addend operand is posizive lor OF and the
comosrison  is less than or sgual oc iE the addend 12 nagative and the
oRRAarisan LE  gredrer  than  &r o oegual, the sign-extendso oranch
displazenent 1z gdded so PO and PC i3 repiaced by The result.

S Y . S| L = e e ——



THETRUCT:ON RET

Hores;

<. ACT gfficiently lmplemencs ths censrai FCR o DO Zoops i high
-2vel  languages =ince  the serse of the comparisosn between index
anc Limit i3 dependent on the sion of the addend.

d. On ficating vnderflow, if FU 1s set, 3 “aclt ocrure and the rdax
cperand is ynatiected. 1f FU is «cl2sar, <he _rdex operand iz
replaced by [ ang compariscn and  oranch  derermination sroceed
nErmalliy.

Y. Sn floating govarflow, the inscruccian takes a locating averiiaw

r

Bl inwe
index cperand iz

faulz and the L unaffected,
1. On a reserved operand Eaulz, the index opverard iz uynziiacted and
the cernditian zodes are unpredictabnle,

1 e -

S ———
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LHNETRJCTLCH 5ET

ADD Add

gpcode add. o, FLM,TX Z pperand

opcode addi.rx, Add.x, S0, W J operand
Dperacian;: :

gum €~ sum ~ add; ‘2 cpesran

d
sum <- addl + addZ; "3 pperand

Condztion Codes:

8 - sum LS O
Z <- swn EQL O
Woa— 1
Co<= {3

Excaprions:

Elrating overflow
floaring underilow
resarved operand

10 ADJFZ Add F_floating 2 Operand
11 A20F: Acdd F floating I Operasd
20 AJD02  Agd D flgating 2 Dparand
Gl ADDDS Add D_fleoating 3 Operanc
0FD ADDC2 ADD G _fleating £ Operand
1 FD ADDGI  ADD O floating 3 QpeTand

Description:

'r 2 gpecrand Earmat, the addend operand is added to the sum operand
ard - the sum operand is replacsd by the rounded vesuit. In 3 operand
farmat, =he addend 1 operand is addec to the addend 2 operand and the
sum operand is replaced oy the raunded resaliz,

Noras:

ezapyed pperand fauit, the sum gperand 15 yneffecred and the
io

nocodes are cnpracictakle,

2. 0n fipariag underfiow, 1f FU is ===, a fault aoccurs and che  sum
coerand s unaffacted. If =5 is <lesar, the =un op2rand is

replaced oy 0 and no exsept (On SCCCrs,

k=135

o m— . o —— B - - B T T T e e e g e
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e o o . e . e e . e . . . s e el W PR BT 1R P & oS e ks TR e e 7§ &

ting averflocy, the nsteustion faults; sae sum cperand
cred, and the condition codes are uppradictablae.

s



cpooade OSh,WEK

Cparation:

[t

Candicicon

]
Z
W

-
L .

£o== 0;
codest
<= A
© o ;-
L i:l;
<w [k

Exceprions:

naneg

Docodess

g CLEF Claar

= f1
o LG, Clea- & floaring,
D.f1 :

CLAD Limaz

Descriprion:

The destinstior cperand i3 replaced by 0.

T Uy e e et . TP F i Sk kit = e £ = 2 o § o @ e mmn

NETRICTION 5§
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THSTRUICTION 3ET

Compare

Formdn i
srsf o

opcode srcl.ox,

Cperation:

srocl - sro;
Condition Codes?

M «- 3rol LES srcd:

I <= zrzl ECL sTCi;

Voa= 03

C o=- 2:

Bxcaptions:
reservyved Scperand

Tooodas:

Bl CMPT Compare ¥_flaating
Tl CHBD Comgase 2_Floaming
ZIFD CMPG Compare G _fleating

Cezoripoion:
The source 1 woperand Ls
actigr iz ta affact the

compared with the socusce 2 aperand.
coadit_on Codes.

The only

cn & reservad cperand faule, she conditicn codes arce unpredictanle.

& o —— o o 1 o b it PP PR BT} e e e

-
(-]
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LHSTRHTICHN SET

CwT Coavert

Toriat:

cpcode ETC.0X, Q5L.¥Y
Operacion:
| Aa: <~ conweraion af sre;

Corndisian Cades:

o~ det L35 O:

¥ w- dst ZCZL O;

V¥ oe- tinteger aoveriiowl:
cC =- 0z

EXCEPTIONS:
tntager averflow
Elonatring overtlow
floating underelosw
reservad operand
Ipoodas:

- T CVTHF  Conwvert 3yvte o F

_floacing
LD CUTWE  Convert Werd —o F_flearing
4E CUWTL? Ceavert Long to F_FficAting
ac YTBD Lenvert Byte o D flcatiag
&0 CYTWD  Convert Ward to T {loatiag
2B CYTLD  Corvers Long to D _filcating
ACFD CUTBG Conver: Byte bo G _floating
IDFD  CYVTWG Conver: Word to G_floatin
1EFD CVTLG Convert Long to G_float:ing

ol .ol i o B s T et ik T D A Gl Bdali™s” P ey

U — g ) D R BT Tl R ¢ e e s s v e e e M P T
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18
149
1A
1B

v FS
CVTEW
CVTFL
CWTAFL

CVToE
VTR
LNTIL
CVTRIL

Qe iy e
bd 3 w1 1

CVIGE
CUTOW
CWTGL
CVTRGL

oo
ad
=
a

<3P0
+AFD
z8FD

CHTED
CUVTET

w0 en
w0

- WO OF
J3FD LWTGF

Descripricn:

Conve
Conve
Convar
Conyars

™
=
i

T
T

Convars
Lonwear s
conver:
Lonvert

Convert
TR ET

Canvert
Convert

Canwert
Canwerk
LonwerTrt.

Carvsest

FElosting ko Byie
Foficaring Lo wWord
T Elestning to Long
Royvrndes F o {loating -o Lo
D Elparinag tao Bwtie
O floarirng za Word
o _floating o Lorg
Bounded O _[loating o lo
G flmatirng =g Ay-e
G _floatirg o Word
3 figatinmg o Leng
Rounded G Jioatinag to La
F_Iloating o O floating
Ffloating ke 3 flioeting
D fleating ro F_floating
G flopating te F Zilpating

The souvce operand 18 Cfoaverted zo bhe darta type

operand
form of

g e o wy

and
The Za
CVTaF
VT30
CVTREGG
CYTHE
CWTHD
VTG
CVTLE
T LD
CVTLE
CUTEa
LVTRE
CVTSE
CWTEW
cyT
CUWTOW
CWTE L
TR L
CETDL

Fres e -
CVTRDL
JEE T
m e T iy

CVTROGL

e i B R PR 8 e TR b e e

tha

-

nversicn is

eL=ch
@it
EXatt
REACE
axact
exast
roendad
BaAct
@kact

L o) g o =]
trincarec
truincatked
truncated
trinsatec
truncated
todncaked
rodmied
sruicated
rounded
Truncstad
rounced

a8 [oilows:

of

Ehe

deszindticn gperand is replaced hy the res

e

5
LlE.

tination

Tke



INSTRUCTICN SET

CUTFD mexact

CVWTFC  @xXact

CVTIOF  roundsd -
CVTHEF  rounded .

Hotes:

1. Dﬁly CyThr and CVWIGF can result in a ficating overflow I3ulk; the
dastinarviocn ﬂmeraﬂd is wunaffeccted ard +<«ne Corditilon codas are
urprea;ctanlé;

2. Only converts with a fioating point source operand <an

rREis 10 &
reserved operand fault. 2n a reserved operand  faulc, tne
destiration gperand is uvrnaffected and the condicion codes  are

LRI ed‘:‘dﬂ;é.

1. ornly converts with an jnteger destinatica aperard <an result  in
¥ q v
integer overilow, On irntager overflow, the dedtination aperand i3
tep.azed by the low ooder Diets of the true resulb.

3. only CVTGE can result in flaat:ing ynderflow, I£ PO i3 set, a
fau_: czurs and the destination cperand 15 naffected. [F FU L3
clear, the destiaaticn opersnd 15 reprlaced by 2 and - 0o faule
ARCWIS,

Hes
H
-

i
LH




INSTRUOCTION 527

oIy EERTERL E

Format :

copoode dive e, qoo.ax

(W]

Coerand
sprode Aive, rx, dive.r®, quo.wx 1 operand

Jdograt ian: -
curr <= ogue S Jive; '¥ operand

cuc - divd S diwrs 3 aperand

cadiciva Jodess

N <- guc L35 3@
Zo<- Jus BQL O
o - J:-
Lo<= 1;
ZuCeptionz: -

floating overslow
floazning underilow
ittivide by zera
raservad aperand

GpCodes:
1£ DIVFZ Diwvide F floav:ing 2 Qperand
17 BIVEl Divide F_floating I Cgperard
o& DIVD2 Divide D Ilosting 2 Cperaznd
a7 JiVDY Divide T Jloating § Cperacd
3oPD DIVG2 Civide S _flosting 2 Cperand
29FD QIVG3 Divide 3 floating 3 OQperard

Dezcripoiang

Ia & sperand focwmat, the gquetient cperand is divided by the diviscr
cperznd  and  the guacient operand Is reglaced ay the rounded rezolt,

Ia & gperand format, che Zividend apevand is divioded by the divisore
operenrd and the guotient apercatd 15 reciaced by bthe ro crded resulr

Xotr=

Al

-« @ a reserved gpersnd faclt, the guat:ent operand i3 unatfacrted
ard the condizica codes are unnredistable,

o e s e ] T B S W S £ 4 . PRl £ b e cm e e e 4 o - e ot - s e s e



PRMSTRUCTINN 57T

An filmating wnderflow, 1f FU is set, & fault accurs asnd  the
quatient opersnd 1% unafiected. t€ FU is clear, the guotien:
cperand 15 reaolaced by ¢ ARG 00 @XCBRLIOnD QoIUrE.

arn filoacirg cverileow, Tae ing-ructicn faults; the guotiskt sperand
i unaffected, and the cordition codes zre cnpredictable,

om divide hy zero, the guotilent cperanc and coaditlon  <oodes  ave
affected as in 3, akaovs.

H—
I
I—I
Let

1




[WSTAUCTICN ZET

[ | Txteaded Multiply and [ntegercize

Faormarn:
EMCOF : _
cpocde mulr.ex, malrx.rb, muald. 2, ifnt.w], Tract.wx

TMCDG:
oponde mule.rx, mulra, cw, muold.re, int.wl, frack.dk

ne - ipkegep pars af mald * 'pele'pulrxt;
ract <= fractional part of ouid * jmeyulr'moulex]s

“. [

Condition Cadas;

=~ Ipract LSS I
T= Lract ZgL 3
<- iiateger owerilaowh;
o - I-:';

4 2

o=

Bxcent lonst

intager averflcow
flzas ing underIlow
ragarved opersnd

Cprodes:

flaacirag
_Ficazirg
_floacing

=4 EMODF  Txtenced Multiply ard -rntegerize
T: EMODD Ixrenzed Mulciply =2nd [rnrtegerize
Z4FD EMODD Zxtencded Multiply ard Integsrize

|.'.,'.|I""'J

="y,

Descrizskian:

The multiplier extension operesnd is corncakrerated wizh -he mulcipliar
cperand -o gain 8 (EMODF and EMODOI or 1L (EMODG) addéitional low arder
frac-ian bits, The Llow order 5 bits ai tae lérgit multipllar
wxtenginn mparand are ldarored oy kre  ZMODT instructiona. The
mulripiicand ope-ard is muolbiplied Dy the extenced mulziplisr cneran
Tha aAultipi.satian is 5uZh thar the wesiis is EPJ_'Glait te the =xa
prodoct truncated (befare normalizatlon! Lo 2 racticn field  afb
birz in F _floasing, 64 bits 1a T floating cnd S _tlzazing. Regsrdl

roand Tracvicr 42f tne same s
g .nfeger par= <F the rescle s
e raunded  frazciaoral opart 2

[ T B e 1|
i
kEoal T

o u

inrtezer operand 1z replaced Ev
fracrTico operand i1s czplaced B

raa;

a0
M Ty Frolo=

Sl i |8 4 '\-.i: an nbags
“he result as the sum o7 an intags
-

L1t

1-133
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NaCc2:57

1. ©n a rese-ved operand fazlt, -h
aperand are unaffectad. The oo

& teger operand and the I{raction
ndirion eodes are unprediztadle.

_l

Z. n Tloating underflow, if FU iz sget, 2 fault acecurs and the
intager and fracticn parts are unaffected. If U iz ciear, the
integer ard fracrtion parts are replacad. oy 0 and ne Bxceprisn
aACCUrE, '

3. 20 integer cverfiow, the integer operand is replaced by =he low
Arder Hics af the trus resyult.,

4. Fleating averilow is indicated by Integer ewerfiow; hgowever
integer overflaw is possible in tne absence of floating overf

i

3. The sigas 2f =ne integer and fraction are thne same uniess inksger
averflow resclis,

4. Baciuse the F“ECEIQH DALt is rounded after sgepparation of 5
intager part, T is pessibis chat  the wvalue of the fracri:
aperand is L. .



INETROCTION BET

MERED Mawve Hecaied

rosmact:

cocode Sto.rX, GSC.WX

3
'a
i
H
H
T
-
g
=

Cornglition Codas:

M dz+ LEZ 03

2 <+ dso ZaL

L

C -
Txcepkiona:

raserved obherand

Dpoodad:

B2 MNEGT Move Wegatk=sd P_Iloatking
TE MNEGD  Mowe Negatad [ fooating
EZFD  MNEGS Mowve Megsted S {lcating

DREvandG.
Hates:

on a regerved operand faulln,
the condizian Caodes ars unpredictanle.

Lhe destinstinn

o o ot . e . 3. m e e e R s,

regatrive I Lhe acurce

aperand is dnaffecrad and

s R R NS SR T e i T



L= LTy Move
Formar
opCcode strc.rx, dst.wx
CDEFARiCOn:
ds3: =- &Bre;
Coenditzan Codes:
W <- ds@* L83 [
32 == Jdgt BQL 0§
T.f & —_ E.:
C == O

Bucepticons:

reserved opervand

CECOGRS .
349 MOVE Move 7 _[loating
o0 MOVD Mowve D_flcaring
SOFD  MOVG Move G flaating

j=-

Jessripticns

INSTALCTICN SET

The destinnticn spersnd is replaced by th2 source operand.

HoLes:

On 2 reserved gperand Iaulz, ~he destination apserand is una’fected

the coandition codes are ungradictable,

.
|
o
A=
=

and

S ST U S Sy U S S —



s NETRUCTION 52T

g = o Ly g ®

MIIT, Mulkiply

Torthati

gpcode mulc.rx, proo, o 2 aperand
apcade Mulr.oex, muid.ex, orod. Wk i aperand
wperatian:

pros <- proc * @ualeo; 12 cperanc

proc s- maid * mule; 'y coeranc

Condit:an Coades:

N =- prad LiE J;
2 =- proc =IJL 7
-i"ll- o |:|:
o=

BExceptions:
iparting aoverflow
loAating unders ow
aservad opsrand

o B

Cpoodes;:

34 MULF2 Multiply F_Iloarirg 2 Sperand
E MULFE Mulecigly F _Zioatinz 3 dperand
=1 MULDZ Multioly O Zigatirg 2 Qperang
E5 MULDY Multiply ©_£leaticg 3 Cperand
12¥2  MULGY Mulbiply O Iloating 2 Cperand
4570 MULGY Mulriply 3 fzo0dking 3 Cpecand

DEssripTicna:

In ¢ wmpearand formatc, the product aperand s muitiplied by  the
Muiripiier oaperand and rthe croduck operand s renlaced Dy othe soundad
result. Ia 3 ocperand formar, the multipiicand coerand 13 muil+ipiied
o tae waitiplier aperznd snd Che produst operand L5 renlaced by 1he
rcurced resulb.

Mizres:

. an & resgrved operand fduls, the produckt opersand 13 uraffectec anc
Lhe cordition <Codes are uaoredictantie,
1-_45%



1=

. on floating endeeflaw, 1§ 7O i3 setk, | &
T s

wrodect operard 15 unafiectad. I . :
operanrd s replaced by 0 apd N0 axception occurs,

3. ©n fleating overflow, the instruction fauits; khe oroducs

INSTRLUCT IS

fault oaocours  and she
1 The produst

is unaffected, and che conditlion codes are uvnpredicrable.

e - e e . e e .8 -t e B e S . e .2 e o - . e B S, B . e B e ' e e b e e e . e e e e e e e 5 8 e e o
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INSTRICTTON SET

FALY aomia:l Ewvaluanian

"»

]

et
L]

Sormart;
cde azg.rx, degrea.rw, tblacdr.ab

Doeration:

el - degross
cf tmpl ETRU 31 then RESTRAVED QPERAND FaULT:
trp2 <- Thladdrs;
kopid - [(tap2i-i: I 3
|

oy dooumularbes the partial rasulre

Bl is =f btype x

wpile ool GTAD D

Deain ho
m

a
ompdtakion Ioop
copd <- Farg * rmpli:

Vtepd accumulacss new partisl rasulc,
'topi has old ;artiaL resuis.,

lPerform Multioplyv, and retain Ehe 31 (2POLY7) or
FEY {PCOLYD, POLTG) most sigrifizcant hits of the [racticn
rby rruncazing the unnormalized produce. (The Tost
tﬁlgﬂlfirsn+ zit of the 31 or &1 bits
lin the proaduct wagnizude will ke zern
rif the praduoct magnttude 2 LESE LA2 and GEQ L43.0
“ige she fesdals Lo the following add opersacion.
mos <- hmpd - (EMDE N
tAlign fractions, perform acsd, ard "Eta=n ke

3L IBQLYFY), E2 TPOLYD, FQLI’? most significant bis
tthe freccion by crungating the vunnormalized resule,
‘normalize, ard found o type X,
tCheck for overdunderflow orly after the conbkined
rmuleiplysaddsnarmalizesround zeguence.,

1 OVERFLOW nhen FLOATING QVERFLOW FADLT

if UNDERPLOW zhen

begin

1f FIU EQL 1 chen FLOATING JOHDERFLIOW FAUOLT;

—mpd - 0; tfarce rezult to J;

ercd;

“mpL - 1:

tmp? + [sige of rdeta tvge-:

tmpd: . fupdate parcial result in cmpd

oy |
tig 2
tTap3
end;
if POLYF then
begir
LI o v K
ML o= L
RZ - 11
B3 =— Lmpd;
end;
¥ PCLYE oo PCLYS then
DEgIn

R A
k

]

e e e nm e mmnm o nm—m i oo o T et TR i 0 B T B e ol o Bt o 8 o T B 3 R R P T S W S R T PR S W N B R RS S R R T TR Nt e " SRS 1Y o B TR e Bl S SR e



®Ll'RC
A2 =
a3 -
A4 <-
A =-
end;

o T o A,
n wm Of a3
i

[y Tk
- 3
el
L
e

Candition Codes:

N =- RO L&E 0O;
2 <= RD EQL 0O
VoE= s
C o= 0

Excepbtions:

floasing ovaerflaw
floaring undesf]low
reserved operand
oocodes.
52 POLYE Polynomial Evaiuvation F _flaaring
15 POl Polynomial Bvalvat:iodpn D flzoacing
ISFD POLYG PFolvyaomial Evalwation G_quatlng

DesTripticn:

The tabls .address operand points o a rable o
coefiicienss. . The seefficient of che highest orde term oI zhe
oolynomial 1s pointed to by she takle address cperand. The cakle is
specitied  with  lower order coefficients stored ab  Lnereasing
adéresges, The Zatd type oif the coeificients L8 the same &5 the data
tvpe of the argument opersand. Trhe evaluation 135 carrisd out oy
Horner's mechod and she zontents of RI (RL'RO for 2OLYD or BOLYG! are
replaced by rhe result. The resylt computed is:

if 4 ='ﬂeqreb
And X = aryg

ceesyuie = C[CT®™u*w) = g*(C[L] = a=0C{2] - ... x*C{di}

fad

The ursigrned word quTEE aparend spec:fies the alghest aumbersd
moeificiernt to participata 1# che avaluar:on.

1143

f poliynomial
-



esult

= 1
A2 =4
takle address + deoree*t + 4

il
L]
]

POLYD or BALTG

20 nwgh order part of resclt

a2l = low arder 2ars af sesult

QE = I:l

BRI » rahle address « degres*d + 3
Ra = 0

.

R =

2n & fioating Zauln:
2. If PSL«FPD» = 0, the :irstruction favlets and all relevant sice
gflects are restored <o rcheir original state,

o, TE PELETP0OR oa

I, the lrstrustion 15 suspended and  stace  is
zavad in the generzl

regligrers 28 follows:

POLYFE

B = =mp3 'partizl resulr afrer itevation gric: ta che
'pne Ccausing the over?low/underflow

Al = arg

23278 = copl lnumber of iterations romaining

Sl<il:8> = jmplementation spacific

Al = =npl lomiATs to table enTry gauging exceprion

2OLTD grd POLYC
RITRD = trpd lpartial "ﬂsult gftes il-eratlien oriar -o the
lcne causing the avasfleow /uader? _ow
RisTrdx = cmpl  loumber oI 'terafiﬁﬂs remaining
p4» = 1mplemanzation specific

kmpd lgmints to cable entry Causing 2 cep:s ion

[{ the ups_cred wood decree npe gnd 15 0 ard the arguienc s Sot oA
2 EE "EP CORCANG, B reuu_h i Co0). [fF tne deagree 13 ], and
either the argument Sr C[07] is  a  zesepved ope-srd, & regerved
JgerL1d faylt cczurs,

If the unsiqned word degres aperand iz gosatar than 32, & regarved
cnerand fault cozurs,

B e e e e — e — P T S ST (T VST e S e T § ST U8 SR " il e Sl . 3 e o . o . 3 - s e o o e -




(NSTADCTLCHN SET

B, o a4 ressrved operand faulit:
a. 17 PELaFPD> s 0, the -epgerved apersnd 15 sithers the degyres
aperand [{greartsr cthan 31). a0 zoe arguisnt cperand. oo some
coefficiant.

= 1, the raserved sperand is a rcoeflicisnt, and R3
w3 ar tne wvalee which caused the sxcentian.

11

. The srats af the zaved condition cedes and the other recisters
iz urpredictable, {f the reserved operand is changed end the
cgngerts of the coaditian codes and all registers ars
preserved, the fault s able to be concinued.

£. 4n figating urdesflsw  ziter ke oundipng cperation &t any
ireracgioa of the comoutatian loap, 3 fault oogurs 12 FO Ls ser,
[E FU is clear, the temparary result (mmp3) is raplaced by Zerc
ard ke coeraciga Zancinues. In £his case the [inal result asy be
man zerc 15 unﬂ&rflﬂw occurved hefore the lasc iteration.

F.oo o on fleating auerflmu after tae raunding operatiaon at aay iteratian
of the computakion Loop, the insteucction terminatas with a faulte.

4. If the argument iz zero, the resuls is Cl0]. additiconally, if ane
of nthe coefficients in the sabls {other thar Ci0}t 15 a reserved
operand, whether a reserved operand lault occurs is unpredictable.

Example:

Tey =ompute 2ix) = CO + Clox + C2%x**2
where C0 = 1,0, €1 = .3, and Q& = [Z3

FOLYT E.Ed,PTABLE |

PTRALE: FLOAT J.25 R,
FLOAT 2.5 s 7L
LFLDAT  I.D ks

— T * Pl T | SR T D] 7 00 | e o o et e o o e
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TMATRLUCTION EE27T

I Zuprract
Formatk:
opoode sub.rw, Alf mx
cocode sub,.rx, mid, TR,
Joeratign:
Aif =- 31 - sub:
aif <= min - sub;
Coadition Codes:
N o=- dif 158 0:
a <~ Gif BEQL G
Vo
C <= U
Exco Eptl“ﬂi‘
tloaring overflow
floacing underflow
reserved operard
Dpcoade s
LI SUBEFE  Subiract F_fleca
33 SUBF: Subzvact §F flaa
=) SUBDZ Sunzracst b Tloa
il SUBD: Subzract b _flaa
1iFD  SUBGE  Subsract G _floa
431580 BUEBGI Supsracz G £laa

DassripTicn:

In 3 aperand Zormat,

difiference opercs nd
result., " In 1 operand
from the 111LE1§ cper
rounded result,

Hokemg;

l. Cn oa ressrved ooe

and thwe sondition

4

Fo B e B e R |

2 opera

Aif.wx

13 aperand

13 operiand

ing = Dperand
ing I Operansd
ing ZF Ddperand
irg 3 Joerand
ing z Jperand
irg 3 Jperand

the subhtrahend aperand I3

and  Ehe
farmac,
and znd

rand fauic, the 4
zocdes are b

Eke subbtranend
he Alfferernze operang

difference 15

LN IR

rd

3 operand

AcE -\_-' E-ra'u:

P T T e Wmie el T ] P e B o e e e e o e

suptracted
replaced ov
COETATG

from the

the rocndss

15 suzbhtrarctas
reagplaced oy the
5 unzifectad
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INSTRUCTION HET

coours s ang The
the differeace

on fleating urdertlaw, 1 U 1is set, a Ffauls
difference operard (8 vagifected, i Pl ts eclgar,
0

aparand is replaced Dy zrd o axception cosurs,

=

i
&
L

o1 Blomating owerflow, rthe instructicn fawlits: rhe dif
apergrvl iz anatfected, and Ehe condition codes are anpred:

afenge
anle,

3
]

T
|

T L L A P S0 L T L Bl 5 B e e b e e e e e e e




[HETRCCTION 537

75T Taszg

Farmat:

opoode Sro.rx

o <= arec L3 4p
2 <= =sTs BQL 4
Vo= s
C == 213

resarved operand

Oprodas:

55 TEIF Tese F_Iloatirg
T3 TETD Test 0 Zlinstirg
SIFD  TSETE Test G floakirg

Caacription:

The zondition godes are affected aceordiag to the valus of the source
operand,

Haras:
on oa pageryed cperand faule, the conditien cofes are urpradistakls.
}-130
e e e o o At A e e A - e e 2t et = = i i AT 0



1,12 EMULATER [MSTRUCTIONS

THe MicroWAX 7032 CPU provides

CHETRUCT TN

wITE WM{CROCODE ASSIEY

microcoge assistance “or emulation by

syssem software of the fotlowing instrustions:

l. fTharacter strisg: MOV TC, MEVTUC,  SKEC,  LO00,  SCANC, SDASG,
MATCHE, CMPC3, CMPCS,

2. Decimal string: MOVP, CMPPR3, CHPP4, ADDEL, ADDPE, s5UgPe, SUBFE,
MULE,. OIVE, ASHF, CVTPL,. OVTLP, CVTPRS, CVTSP, CVITZ2, OVIPT.

3. Cyclic redundancy check: CRO.

4. Tdir: ZDITRC.

The processor processss the operand specifiers, <reates an argumens

List, and takes arn emulatad instruction fauit.

The emularigon process consists of the fallowing steps 1 the 'TF  and

FEO %its of the P3L are Clear.

v, Ewvaluarte the cperand spezifiers in arder of instructicn strezam
poourrence, - 3ave zhe address for address and write asccess tyoe;

read the If.i"‘El."-ﬂ.""l.l:l. and saveg it

for Tead aciess type.

2. Buil d thﬁ argument list oo *he srception stack. The edcegtian
stack. Figurs 4-16, contains 1T longweord parameters (in agdizian
=a =he P and PSL to be restored an rezurning  from zhas

SXCEntion|

Rl AL L L 0 T T il MY T 4 e o e e IR, = o £ 5

L
1
b



C INBTRUCTION 527

WRIDDE - 2o

den pr

SPECIFIER &

SPECIFIER »2

SPECIFIER %3

; SPECFER wa

ZPECIFER 25

EPECIF-FF =%

§ SPECITIER =7

APECIFER &9

HEWY P

5aWED PSL

R IR

Tigura 4-18 Emclased [rstruction Acgument List

vhe opcode parameter contains the opeode of the iastrustion to  ha

2muiated. The ald PC points o tke logacicn of thae iascroction
cAusIng The axeenticn, The s@peclfier caramsters <osazzia the
address of the operand or the operand izself., For a  ,rx

specifier, the paramecer 1s the coerand wvalue: Zgr .wyx and L ax
specifiers, <he parameter (s ths aperand address, A register is
denated by a reserved system space eddress corcesponding o the
ane' s conplement of sha ragistar  numbac-, The parvame-er
sorresponding zo a specifier cthet does mot exist is unercedicoabie.
Thg  dsw  PC polacs o the iastructicon fellawing the Irstouct:ion
zausing rthe exception.

fnivia=e an a
inszrustion  ve
in the =gvyved ES
T sas see. T

= 2 in curvent  mede  throuogh the  emulared
y g U8 fhex: 3s e 502 aifgert. The FPD o1t
& Clear. The TF bh:it n thng zaysd 280 i zar  If
T, 7=, I¥, D¥, TU ard corcibica oode bizts ip bthe

e
I
—
45
F
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SHETRICTION 527
new P5L afa =leared. All cther bBics in the new P3L afe uanchanoed
from their praviQus stace,

f FFD is set, & suspended emucszted Lastructiza fauvlt i takesn in
zurcent mode thesagh the vector at 3CH offses OC (hex). Mo parameters
are pushed oneo the stack., The TP pit in the saved PSL 15 ser 1f 7T
was s3et. All other bics in a2 saved 5L are unchanged, The saved ZC
poinets to the irscruction causing the axception, The FPD, T, TP, IV,
oDV, PO and conditian coade bBit: 1 the sew 5L are cliagared. ALl ocher
hits in the nevy PSL are unchanged Irom their previadzs state,

. p— PSP
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CHAZTER =

BUS TRANSACTICGHS

S.n INTRCPUCTION

This chapter describes the Dus cycles dzed by the MicroVAX 78332 OB,
Thae processor will perform a bus cycle  for ane of the following
rRARONS:

l. Reading or writing infermation from or to memory or a peripheral
devise. :

2, Artknowledgoing an interrupt DY reading the device intercupt vector.

1. Transferving-informazich fr3m 2 ko an exiernal SJrocasssrc  or
gxterpally impiemensed Drocessar register.

Figure ‘B-1 showa the buz coanectlions gsSed by tihe MicroVAR YRQ3Z CPU.
& microcycie i2 the baszic rtiming uniz for 8 bog oyvels, A microcycie
¥

iz Gefingd 33 [our cycles of CLAQ, Tl through T4, as spown in
2=3. A busg Cvcle may De 302 4T BOra mlicrocycles.,

Ll
-
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BUS TIANSACTIONS
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: . BUS TRAMSACTICNMS

2,2 BUS CYCLES

Tae #icrovax TH03I2 CFPU uses read, write, DMAa, and interrupt
zexnowledge bus cycles for bhe cransfer of information betwesn the
processor, memcry, and 170 devices. Zach of these Dbus .cC¥cles i3
degcribed in the following paragraphs.

3.2.1 CPU Read Cvclie

The progessor gses 4 CPU read cycle (Figure -3} ta inpuk  infarmation
from memecy ar an LSO device. A CPU read cyvele reqoires a minimum of
2 microcyecles and may be extfendad for siower memory or [0 devices.

The first mizrocycie of 2 CTPD read @2 uceed b gutpot the address  and
conzro. infarmation. During the _ast micreeyele of & CPUT -cead, daca
is latshed into Ehe processor.

The seguence of averts for a CAU read s 55 foliows:

1. The physical {longwerd) add=eza is driven anta DAL<29:02> Ly the
processar,

?. WF is vrasserted and £S8<2:0> are gsserted as regulred to indicate
the ktype cf r23d cycle being perigrmed,.

7. BMT3:dF are asserted as reguired,

i, AR is @sserted to irdicate vhat the zddress is valid ard -~an be
latched for demultipiexing. &S alse gualifies ©8<2:0>, EBM=S:0=,
-and WE.

"B, TS is zssert=d to indiczte that the bus ig fres ¢
reqguested informaticn. TBE Is also assartad az th
e med -0 control the DAL Bus transcelvers,

o receive the
is Time &nd can

6. If the reguested data can be placeC on the bus and be . valid during
T3 af =he nexirt microcyole, exsernal legisc asserts EBY, and. tha
nex: microcycle is the last cne for this hus cysle. 1§ B0Y is not
caszarted by the. end owf the corrent microcycle, the bus cvgle will
e pxtended By at least one mictrocycls,

If a bug error cccurs, extern:sl logic respords By assercing EEH.
THE rakes precedence over ALT. . 1f ERR 5 asserted doaring a dars
tead, rhe processar ioroves the daty on DAL<31:00=, axtends the
aus cycle Oy ons micracysle zrd Initisztes 2 mashine checx. [ ERE
% assarted durirg an  imscruc-:on read (ZE<Z2:0 = LA0Y, bthe
grocessor Atopda preistchingy when the instructien buffer is empty,
the processoar will attempt o fetch the next instruceisn bByrs wizh
g dats read cycole.
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The assercisn of either ROY or ZRR
the furrant Jus cycie,

7. The reguested data itz latched into tke goroossser and DS s
deasserted,

5. &= and TBE are deasszerted, ending “he bus ovole,
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BUS TRANZALITICGHS

B,2.2 CPU Write Cyele

The processor usses a LPU write oycie {Figure 3-1) o outous
informacion to memory or an [S0 device. A CPU wreize cyzle reguires a
miaimum of 2 mizrocyvailes and may be extendsd for slower memory ar 1,90
devices,

The Sirst microcycis af & CPY write 1s used (o outpul the address and
cad1zroi 1aforcmation. During the Zast microcyzle of 5 CPY write, :ne
data is valld and can be written.

The sequence of svents for a CPU wrizce i5 as follows:

1. ©he physical {longword! address is driven onco DAL<29:02 by <he
DrOCESS0r.

7. TR .5 asserced and C8<2:3¥ are asserced.as cequired.

3. BM=1;CF arw asgerted as TEUquEd indigating which bveel(s) are 1o
be writian.

&, A% iz asserrced o indicaze “hat the addregs is valid ard can  be
latzhed for dsmultiplexing. A% also gralifies CH<2:4» e
arld. m,

&, TEE ig asserzed and can be vsad to cuﬁtrgl DAL Dus rrarsreivars,

§. 7The processor drives Jdaca onto the DAL bus  and. gssartz D5 1o
- ipdisEte that Lhe date 5 vaiid. :

-

. [f the data =aa ke writken dyring the  dext microcycie, wexearnal
lagie AL5 erts Aur and the nexr mizrocyclae ig the last gra for this
bus cycie., [f AD¥ ‘s nor aszartad hy =che 2nd of zhe curreat
microcycle, tha bus coycle will he wextended hy a3t lLeast one

migyrocyole. :

Df 4 bug error ogcurs, gxternal iogic responds by aseercing  ¥EE
and zhe procegser initiates a machine chazk., TRE rfazkes precessnce

avers .

The assertion of eicher RDY or EAH resulis in the complacicn of
the current bus cycie.

B, U8 is deasserted to indizgte that the dass 15 going to ke removed
from the DAL bus by the processor,

3. AT and OBE are deasserved, ending the bus cysla,
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IUS TRANSACT ICHNS

s.2.3 Inrearvrupt Acknowlacge Cyols

An interrupt afﬁﬂpwledgF cycls is used to  acknowledge an  interrypk
request - from an 170 devigze, #nd to read s vector. The structure ai
thig coyele 15 the same &3 @ CPU read 2vcie (Figure 5-3).,

The first microcycle of an interrupt acrnewledge cycle s used to
cutput the IPL, In hex, that is being acknowiedged. During the last
microoyels the  ifdzerrupt vegrer  from the  Intercupting devize s
‘atched inta the pracessor, ' ' .

The secuence df_evﬂnfs for  an .interrupt  atknowledge cycle - iz as

follows:
<. The processor places the IFL, in Rex, f. the inzercupt being
dckrowledgad on RAL-S Dé.ﬂﬂ v DAL<2%:05 ar zero and DAL=31:30> =

L3 {longwordé access).

2, WE is unasserted snd CS5<2:07 are assarted te indizate an interrupe
- ackpowledge coycle, :

3. Mxltd>= are all asserted.

4. &% is asserrted ro indicate khat the [PL level on DAL<O4:00» e
v3lid, . A% zlso gquailfies C8<2:0>, Eﬁ 10>, ard WR,

3. DF is gesarted o indicate  that the bhus iz Free to receive
incoming datz. TBE iz alse esterted at this time and ran be usasd
To canktessloTine DAL Dus Bransoeivars .

6. Exteraal lpgic responds oy placing the iInterrups veftor  on
DAL=09:%2> and the oaormal. processing./gbus prﬂLesginq flag on
DAL=00> and aszerting WOT. If HOY ;5 not asserted by the ead of

the first mlE“ﬂ”fFlEf be bus cycle wiil pe ext&rdeu by at leasct
ane micrhcycie,

DRL=15:10, 4031 MUST De driven to a wvalid hagk ar  low  ievel Ln
ascordanzg with the ser-uyp times specified in the decailed timing
disdrams [a Appendix A,

I1f an error accurs, &Hterna; l“q_: asserts BAx and the pracessor
cancels the cycle and ilgnores the data on the DAL bus.

7. The interrupt vector is latched intc the processsr and T8 iz
deasserred. '

4. A% and J8E are deasserted ending :he bus cvcls.
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BiIIE TRANSACTIONS

E.2.4  IMA Cycle

A TOMAL cycle (Figure £-3) used Dy the
contral of rhe DAL bus and rals
OME device or another Drocessar.

'
LS
W
a

secuencz of events for a DMA cvole 13 as

L, The oMa device reguests pse af the

DEACEs50T
lazed control signals awpon rceguesc Fraom a

o rellacuishl

fallows:

bus’ by asssri:ag DWR.

2. The processor samples che DHE tine during eack micreocyclz,unless
the © current  bus cycie iz & read lack cycle, =o see Lf there 13 3
DMA ra2guestk.,
i - ul - 1% 35 o= e EHeTohe
i. The progessar :three-ztates DAL<IL:00>, A5, 0§, D3E, WR, BM<i:0>,
arg” CS=2:0= and rthep agsercss MG =0 gfant -4e IMA device use of
the DAL Dus. '
1. Whepn the regquesting devica s Jinisned using the bus, 1t deasseces

A5, TS, u,

S JEE TR S Sl | -
'frﬁ&%FIFWE_JF_WK_JE_WRHEI AW

ars thrae-sraces OAL<2l:0dx,
Aeasser-s DFD andg the MicroWad 73032 C90 takss

| . - L i
ﬁff_EuaH*ﬁk;frjﬂ_if_\udfrﬁk_fr_HhJ

The
Thna requesting device
contsol of the Dus.
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BUS TRANSACTTLIONS

2.3 EKTERHAL PROCESZOR CYCLES

The pracessor 1sss the exteraal ProcEssor cyoles to communicate  wigh
" an  externai  procgssar ar externally implemsnied crocessor cegisters.
The eiternd. pProdessor ﬂrjtﬂﬁﬂlﬂ ars descrined in Sacrion 3.3,

It is imporzant to note =hat A5, BBz, DS, and 8H<I:0- are not usad and
Adre nof gsserted during edterpal processor cycles.,  EBXCernal DrGOEsSEQr
cycles sre always 12-bDitg., This means that DaL<ll:00> must De  driven
to a valid level for all resad cycles. ' - :

$.3,1 External Procsssar Read Cycle

The pDrocesscr uUses 4n exberpal processor veasd oysles  (Figure 5-8) o
inpr: information Erom an exte.nal Frocessar oo external processcr
reglsters, AN external procassar read cycle rakes one microcycle and
gan not be extended.

The sequence of everzs for an external processor read 15 35 Ipllows:

l. ©£8<1:0> are asserted as reguired and CE«<2» is= precharged and
sustained high. ' - }

2, WH is rnor gssertad for a read cycle,

3. EPFE is asserted to indicate an externdi procesicors b eycle and to
gqualify C3=22:3» and WK.

&, The exterral processor places the reguested information on the
Bh S _ :

5. fthe requested infarmation is lat:zhed into the procasscr and EP§
degsserzed.

5. The ex*erﬂal procezsar Temoves 1tsg  informatian Irom the DaL;
ending the bus cysle.,. ’
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-

£:3.2 Exrermal Druce Eor Responseg Cwole

The grocessiar USas an eXLeTnal processar response o
te input  informarien ang a -gompletion of confirms
BEIETNAL PrOCESSET  Qr  external [processaor  regist .
DTOCRSSOT [ESponss cvels e pne 1.“rner|e and —An uﬂt fats] E&t&ﬂﬂed.

The gequence of svencs far &l sxtarda.  pfocessor  CASgonse 18 as
follaws:- '

i, {5=1:0> are asserted as reguired " and CH=i* 13 precharceqd  and
sustaiaed high.

2. WH is 2ot asserred far a reag qysla,

3. TPE L= asaesrted to indizace an extach a; pgracesacy ous oyzle ard =2
gualify CE8<2:0> and WR. _ _ :

L. "he sxternal processoc places the regquested  Irnformation on the
AL, ond optliopally drives C5<2> low wizth an opsn drgin Qriver.

%. Tna regquested informatioan 18 latched into The processor and oS i3

deaszer—=d,
8. The external processor remowes ics infarmaticn from  tkhe DAL - and
dezecear-yg CH<P>, (I gsserted, qd1 rq tha bus =ycie,

5.3.3 External Processar Write Cyole ;

TAs proceSscs USa8s An extarral processEcs write cycle (Figure 5=71 1o
sutyut - Informacion To an axternal pracassor orf 2HERrnal procesacr
regiatear. n e¥LeTnal processor write cycle takes ong microsycle  ard

can ngokb be axteaaZed.
The seguence af evenrs for an external processer woilte 15 as followe:

-

L. (C5=1:0~ are asserted as reguired and C3<4» 18 pracharged &nd
sustained nigh.

2. TR 13 asserted far & write cycle.

. EPT ie aszcerted to indizats an =xterna_ processor bus cyole and ko

4
qualify CH5<2:0> ancé Wr.

i, The orocessor draoves -he informacion cnzta the DAl

5, FErg 18 d&eisgerzed and the axreraal orocessar agds the

information, eoding che bus oyole..

- - -

J=1d
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BUE TRANEACTICHS

‘3.4 MEMORY ACCESS PROTCCOL

The 28-bir address frovided »y  the oprocesscr on DAL<2S:QZx - iz a
LONGWORD  address. which uniguely 1denzifies one of up to 268,433,358
1Z=hic memory locazions.  Ta  facilitaze Egt& Zreesass - within  the
3F-vHiz memmty ldcacions four byte masks, BMoI:0>, are azed.  There avs
na restridtisas oa cata alignmenc, with the exceprmion 2f the aligned
ogerands . of ADAWI znd the interlocked gueue instrouctions.’ With these
axceptions, any datg ican, redacdless gf size, may be.placed sta-ting
4L any mMeEmory address. . . oL -

Memary 15 viewed as faur  parsllsl  eight-bit basks, each of which
recelves the iongword addeess DAL<2%:02>. Each nan4 reads ar writes
gne bytz £F 1ne dota bus (QAL<1l:00=), whan its associdted byie mask
sigral is asserced. This is Illdetrated in Figure 5-3. .

EE%EE ﬁﬁﬁ?ﬂ | BWER [

R— r . A .
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AL < QTr—-

b e um an
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i

DALy odx DaLSE: IR = DAL -t G- 3 Lo<rg T i

LTL N i

Figure 5~8 MicroVaX 73032 Memory Organizatian
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CBUE THRAMSACTIONS

sry CPU read ar CPY write
Eyne  access,  word
aligred

Longwords,
ArCesses

e
Suadwerd ares

ACCESSE
longwaorad

—_—

ne of
longweord,
unaliignsd
treatad A5 L[wd SUTTESS17S Lonrgwo

tne following

W

CZATIQOoTIesE:s
‘ATCESS ATTISS
-lﬂﬁgﬁﬂfﬂ SCIBESS5 .
*5 arscesses,

-

fFails

with no aptimization.) 3yte sccesses, word ascesses withln a longward,

aligned longword

whizh crofs o longword bBoundacy,
require btwod DUA CYIIES.
Iz i3 ippertant to rote ENar Jocesm=es

vole are perfcrred

I-'

r=ference.

Table &

ATcessEs PBCQUITE ONe DUE oysie.

sequentially, -
owever, DOMA grants may accur DeRweenl tag Dus Tyciges ot

Word
iangwo =i

ACCESEeS

and unaligasd accesses,

The axach sigral usaga 15 shcwn n Table S5-0.

ane - hus
e waeTn.,
unaligned

mare  LHREN
g Ccompubation Lo
&N

rastieing
with

.
L

-l Memory Access Cannral
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5.5 EXTIZRNAL PROCESSOR PROTOCOLS

The eXrerral processer protocols: aliows the MicroWa® 75
Ccommunicane efficiently with e one. ar moare &xczrnadl

There aAre swo @Fisrines . exterazl’ procgssor pratogais:

cotmunicating with the aopbigpal MizroVAX 78132 Filgating
the seccnd for commuricasing with external processor reg:

5,8.1 FPI Protocol

35 TRANSACTION

G34 CPJ tao

Dracessars.
one far

Foipt Unic,
tar logizs

The aprioral MicraVaX 71312 Floacipg Painc Unit {FPOY fanctiens undar
the control of the Drocessor. Whan the CPU cacelives & [loaring poing

ihatrugtiaa it Basses the opcode and operangds o to . %k

FRI. for

T procesaing. The CPU waits . fpgr the PP ne finisn ard thep ragquieses

. &tatus inisrmation afd any resulbs. The FPU arotocsgi is as

weilte cyela ko rraasmit a command to the FPRU. Duriﬂﬁ

L, Command Transfer - The processor performs an  axzernal

failows:

Drocessor
thig cycle,

CE<l:z0> = 34 {FPU command), and eche dpoeds of the floating point

insrruccion is placed BT JﬁLrBE jﬂ .

2, Dperand Transiﬂr - ”ﬁe WAX &ﬂ:ﬁdd de+erm‘nEa che nuwbber

type of sparands to be transferred from the DroCessn s

angd  datsa
£ tne TR,

-The processor performs one or more external processer wriis cyclas
£ Ekransier Lhe operznfs, ﬂgrinq tnese cycles WH is asserted,
CEcl:> =91 [data traagier } aad DAL<G31:30» gontain the data o

oe tranafef*ed

J. Dperand Procesging - While zhe FRU is-pru;essing tae operards, the
oroceasor poils for operaticn compliezion by executing externdl

DroOCE350T TRSpONse enabkle cyoles.

+., BStatus Transier - When =he FPU has (inished processing rLhe
operands, it responds to the next external processor Tesponse
enaple cycle by placing sratus  informatien on DAL<0S;00>  and
griving . C8<2» low. The frocessor Tesponds to CS5<2» being drivan

low oy redding the status information on DAL<DI:O0w,

5. HResult Transfer - Aftaer resding the stacus code, the procesact | WA ¥
lnitiate Qne orf more axterndl processor read #ycles to transiar
the resuit operands{zi, if anv. Puring those cyeles TR is

deasserted, - (3<1:0* = 01 (daca transferi, and DAL<3l
the data to he trensferred. The YAX cpocode CaTerm.ones

snd  <ata type of the aperand(s) to be rtransferrved from

the DIOC2550T,

s IR . ity — e -

1A0» contain

rhe Tombor
the FEU to

ST P W ——
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5.5.2Z HRegister Brotaocol

The extarral progesscr register protacoel peroits

gxternal iz
implement pracessort  register  functions  that  gre 3 past of the vax
Architeczure bBur arg not implemsoted in the MioroVAX 7HD32 C21).  Refew
t Taple -3 for a lisc of the processor -egisters ipplemsnted by the
MimravaX T8032 CPO. The processor will use ane of the following

prozaccis when aa MFPR oy MTFR iastruection 1= wsed o 4ascess &
ragister nobk contatned in th2 processot,

T.93.£.. BRead From Proces53or BEegister -

This seqguence (Figure -3 is perfurned wilen an MFFR  [n

stouction.. is
used to- read data froe ane of chbe faliowing processor registaes: 5
rom  pEocessor

“hrocgn 3%, 48 through 35, e 39 chrough 81, Tne read f
ragigrar ;rﬂtucnl i3 as followa:

‘1. The processcr initiaces the cransaction wikh an external afocessar
wrice gycle o specify the register number Durirg this zcvels,
C5«<T:C>» = 10 (nan-FRU csenmand), DAL<3I1l: =1 IPead ‘regigzarst, and

AL=]B:G0> vrcontdain the register number specified oy the MFPR

ingstruction. -
2. The processor walts one ovysle, : '

3. The processar execytel an excgraal . ofgcogssar  response Cycle Lo
caad the regisver data. If CE<dr 15 drives low by the external
logic, the data on DAL<I2:I0> t2 the rezuls of che MPLR
ingtruction. Jtherwise. oheo pracesscrs returds zero as the resule,

o
1
1]

e P i 8 el e i P i e 8 ki ol e e b B - e o e e i S R e e e B ek o - i B s W7 o o e e = e e B o . o 8 e . e 5 e e



BUS TRANSACTI

BRIl
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Figure 3-9 - fAead From Processigr Register

5.5,2.2 Write To Processor Regiﬁter';

this sequence (Figure 3-10! is performed when an MTPR  instructiona  is
uzed to read data from one of the following processor regiscers: 2%

thr

augh 3%, 48 through 55, or 59 throuch £1. The. move Lo Dprocessar

‘register protacol is as follows:

.=
4w

The processor Initiaces che traznsactlion witsh an exesarnal procsssar
wrrite cycie to specify the register numgper. aring this cycle,
C8<1:0% = 13 {non-r®l ccmmand), DaL<il>'= § {write regiszster), and
DAL<0S:G0> contain the ragistar numbar sSpecifigd by the MTPR
INSTIUCTIon.

Tiae processor zXgcuces AR Bytaria g RProcasior Write Zvoie Lo wrilte
the register data., Diiring this oycls, CS<1:0r » 21 lwrite datcal,
and Dal<3l:030> contair the daze specified in fhe MTPR inskfruce.an,

The next cycle is guarantesd not ta 98 ancthac ex-2rnal processor
cycle.,

N3
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CHADTER 6

PIN JESCRIPTION

6.)  [NTRODUCTICN

This zhap:ter describes the funcrian performed By each pin of  0e
MicroVAX 78032 CPL,. The -pins are divided info 8 groups:

# Datasaddress hus

& U5 Tentrol

» PowerT SUpDlYy
» Clocks

» Test

Tigure G-1 shows the pin assignmenzs of the MicroVaX 7R03Z CPU.
HZTE

Juring the pin deacriptions referepces #:11 be nads to
rhe different pus coycles exesuted by tne MicroVAX
RO CPU. For a descriptiaon af  these Dus  cysies
refer to Chapter 5, Bus Cycles.
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6.2 DATASADDRESS BUS

‘The Data/Address Bus (CAL=3lidU=) 1§ a Je-oic Cnime-Md.tipiesed  bus
ceed for the transfar of address, darca, ard iazar t informasiaa,
Mg information carcied omn DAL<31:00= 18 determined by the rvoe . of b
cycles oeing executed.  During  the firsc part of 3 CPY re=d or 20
wrize cyele DAL<3I;00= carvies the foliowing address inic

DAL<31:20> - indicates tie length of che memory operacd.

DalL<3l= DaL<30>  Operand Length
1 F Byta '
Z 1 Word
1 a Loangword
1 H Quadword

SAL<?F:02> - containg tne langword sddress of the memary
: cperand. DAL<29> is used to distinguish a
memoey space address from an /0 space

address.
DAL= 5 hddress Spacs
] My

BAL=Q1:00> - are unoefined,. BH- 310> detscmine which bvtelis)
of the leaguword address are to b used. Refer
“ ko Section 5.4, Memery Accass Prorscsl, for
an explanaticn, '

During the first parn of an incerrupt ackaowledse coyzle, DAL 00
CETTY  Lhe  inkerrupt poiority clevel (IPL), in hex, 2f the interrup:
heing acknowledged, Durirg the second pars of 3 CPU rzad or. intersrupr
acknewladge cycle, Dal<31l:30r receive NCOming data or an intarruyot
Cwveertor. During the second part of a CPY writs bos  cycle, [AL<IL:OOe
cgr@ used tn fransmit cutgoing data. . '

(1 addition o the transfec of infgrmation be:wedn tne CPU and memary,
/0 devicres, atc., the DAL bus. is uvsed zo exchangs informaticn betweszn
exzarnal processors [i.e., FPUY-ane externdily Impiemenced processor
‘raylisters. The infarmatica presenc on  the DAL bus for these ous
cycles is described in Section 5.5.

a.3 3US CONTRIL

mhere are L0 pins associared with bus conczol: 5E. T, BEME4I4-, WH
TEF, ROT, and ERN, The funcricn of each of these nins is described I0
the f[olicwing paragraphs.

I
1
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PIN LESCRIFTICN

5.2.1 address E:robe (EF)

A3 is Lsed to provide [ timing and soentrcl information o exterral

legic This 3ignatl mooillszg exzerral - logis that 3 bus cyole 1= bDeing

exe:uuﬁd The assertipn af &2 marks the magiating of A bus gysle, and

rosifies e?*ernal Logie thac +he fall wWing 219n 121ls zre ral:d,

1. DaL=3l:iC> - valid address cr intervyupt prilority leval (IRL)

2., WA - dirscticon of transfer

i. L8«2:0> - type of bus epcle

g, BM<i:l> - bytes af 2&L nus that contain walid daca Suring secchd

part i hus cvaois

gxternal! lagic shouid lacea ardsor decode these si1gnals a5 reguirted.

AS iz nsgated to indicace the end of & bus cvel :

§.1.2 Data Strohe (B2

BT is vsed to provide btiming informa=ion far tne transfer of data,

Du:inq a ©PJ read ar :nter“upt acknowisdge cycie, ehe CPU asser=s 05

te indicake thaz D&Lcél:ﬂf is free %o raceive =r"cm1nq data. Wien

the CPY) has received and latched the, inzoming Zata, it deasserts O8.

Guring & CPU0 wrize cycle, T8 i35 esserted by The CPu kg irdicate2  that

DAL=3:i:30> zaacain wvalid gutgeing Zata. B8 is deasser-ed by che CRIJ

tr ratify axternal Logis thas the TR is abeow: fo repove e &ata foom

DAL=3l:40=

6.3,3 Byte Magks {BMai:l>}

The four byse mask iines, SM=a:d>, specify which byte oo byvites of o the

DAL bus conzain valid dats during tnE secand parr 3f & CPU read cr Pl
write cwvola Juring a CPU reed cyole, rthe 2yie mEs4s indicate which

by-es of .he DAL bus are Latched Yy the C2J, During a OF0 write bus

cycle, tne byvte masks indicace whieh bytaiz) of the DAL 2us: contain

walid data, 5H{!+ﬁ ars owvaild whaﬂ EE CE o ASulrsEd,

Brze Masd

it gagertad Tata velig on
E IR A3l 2
T ELed3slES
TR DAL= 1m05
EEDEE DAL <CT 00

-

Y Tt . e S i o
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HCTE

- During -a E?b read 4o exterfa. Drocessar Fesdsresponss
“eycle, ali blts af rha SElE¢ e byteist must ke d-iven
to & walid state, excepc IQr &0 ihtesrupe  acknowledas
=vislz when anly bHicg<l5:00>» must be driven,

B.3.4 wWrize (WX}

WE specifies whether daza for the gurrent <ycle is ta be  cransferred
to or from the CPU. When WR i3 aase::ed tne CPU wil: drive data ontc
Ele. DAL Bis, Whon WH iz act agserted, the CPO O Z ready to receive
"dara frnn the CaL bus. WH can ke used to ceomcrel the dirvec :

~f extarnal DAl bus transceivers. WR 13 wvalid when AE oo EPE :

assercad.

6.3.5° narz Buffer Emable | SEE:

mEE can be used, by extsreai | lagic rto enable exzérnal DAL bua
cransceivVers. Thisz signal ir conpjunction  with WHE orovicde the
recagsary contrel sigrals far external bDus cTENSCElvers., :

6.3.8 Heady [AOTY )

U597 i3 asserted Dy external lagic to normeliy end  the  custrent  CPRY
pagd, CFU write, or iLhterrupt acknowiedge cycle. During a CPU read ar
intercupt acknowiedge cycle, the assercian ol FOT ingicates chat
=xtarnal .logic will place che  reguested daca on  che Dal bus as
specified in Tanle A-2 and Figure A-Z. During a CfU write cyzle, the
azsertion of HO7 inéicates that che information gplaced or the DAL Dus
-b& che CPU will be received ag mpecilied in Table A-2 anc rFigure A3
‘nisies <he current bus cycle and pracpeus‘ At the conclusign of Lthe
current bus cy=zle (ES deasserted), external logic deasserts ROT.

.6.1.? Erroc (EAR)

TP 1z asszerted by extsacnal logic ta indicate :thar an error (1.&., Jus
timeout or parity errord oocurred during the currsat CPU redad, CPU
write, of 1pkerrupt acnrﬂw;sdq syele, Tg  assercion of EAR O has

riarity over ROT and results o tAE currect bus cycle Seing sxtended.
A= +the capclusiet of che extended pus cyole JER deassertad), esxternal
ingic deasssrts ERA. For g descripilen 3f how the MigroVAX TRO3IZ CPO

kandies errors refer o Jectlon 7.6,

S —— 1 ———  — — Py ST BT .
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"PIN JESCRIDTION

TEY provides timing and cortrel  informacian  far sxternzl  processar
crznsactions.  Wher EFS is asserted, &0 external processor bus cycle
5 beginning and:

L. DAL-<21l:40» s rvesdy 7o recelve ar cortains valid iafarmatio

-
I. WH iz valid

1., CHE<Z:3» are walid

ITS Fory ‘an

geassérted at the end of rhe sxternal gracessse ayslae,
Tion 20 excerpnal trarsacrions refer +4 Saction S, 3.

=1

6.1 SYSTEM CONTROL
There are 3 pins associated with sys-em -cantral: AESET, JTETT. and
g i

C3<dii=, The function af  egach of  these gias is described m the
For.owidlg paragrespis.

E.3.. HReset [(FEEET!

T
&)
re
[ &}

HEGET 15 asserted by external logic to force the CPU to 4 xrown s
A dezeription of the reset seguende is given in Sectian T.3.

6.4.2 Halr (HALT:

R ——

HALT = asserced " by external legiz to hait :the execusion af
massolastrdasoigns oy the CPU.  wWhen HALT i35 dssertsd vthe CP wili:

1. . Bxecute anr axternal pracessar urise cwizle at tha conciusicn af the
urrent " macooinstruction, Curing thiz coycie, C5<l:0> =
Lnan~-FPU commard! ard DAL<GS:00> = 111311, '

. Tre T2 will arter

- ACt precess with & restar: code o= 2
{HALT asserted), sees

ne z
Izovion 2.3,

Mt i85 an edge sansitive signal chat L8 samplad every mice
syroarcnized internally, and gererazes a non-~caskable inrer
Tost be asseried gn minimum af swo missocyeles  ta gdarnas
sampled. EALT muss be cdeasserTed 3 milimum of -two miorocy
anotaer hatlt regues:t will 2e ressgn:zed, : )

e
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a.d,d

Ths thres cortrol statys ilneg-are used [n canjurctian with WE
eizhaer AT griEEE';n.definﬂ the type of operztion in progress “or

Combral Skatyyg 05w 1)

and
rThe

-xrrent Bus csydle. CS5<Z2:0> ara valid whern A5 osp EPS iz assavied,

pering 2 raad, wrize, or interrupt cycle [AY asserted!. WR and £5<2:9»

have the following meaning:

CH<210> Bus, Cyvcls Type
H “Ll rensrved
H ZLH regerved
4 LHL regerved
| LEH interrupe ackrowliedgs
H HLL read finstrucricnl
iyl HLH read lock
i HHL - read ‘datz. modify inzent)
=5 HHH read (data, no aodify lotent:
L LLL rezervesd
L. LLE ressrved
L LEL reservead
L LHE reservead
L HLL raserved ’
L ALk Wrire GunioacH
o anb rezservead
L EHH write {data) -

Turing ar =xternal Processor

Gagserrtedl, CHal

mearing:

T s Cdall

read, @
iz always high. WH and C3<1:9> have the [olloewing

weite, §r  rcasponse cycle  (EDY

s Cycle Tvpeo

N T A T N T T (N TR RN ¥ [ T N SN SO I S S —

i A reserved

H o read. data

H ‘HL raservad

H - HH responss snable

r tL write command [FPi)

- H wrike data

i HL write sommang Lnan-Fpat
ragapryad 07

. ]




- . B inc
gad TRETIsM, The [unction oi eacn 4

§.5 INTERAUPT CONTRCL
: [AGea:0=, TWREL,

oins asegociared wikh kral
pins 15 dgscpibed 1o the

£.5.1 (Irtercunt Redguest iTRG=s=0%+

Taese Iour lires ave used by eXternail Llogic Lo zend inte
@ the CPL, [f the IinterTupt re2guest i gt 3 ni
oriocity level (TPL} thaa tns cvurrent IPL of  the (OCP, 3
aoiacwledge  bus  cyclie will pe @sxecured. Zaspn :ripe has t
ihterrupt prioricy lewel LIEL):

Pt reguests
©oLNEerTUSt

interrups
ag fallowing

InTerrupt Pricrity

IRg Lire - Lawvel !hex!
g e I7LLT
i e I7LlG

] w
2T It
[ ]
WY
—
!
i
P
ot

TRuti:0> gre lavel sensitive, are sempled durias every Micramy=le, and
are svnchronized intevoally. - For a3 descriptiorn of the Lnterrupt
hand.irg process refer to Seck:an 7.7, o

B.5.2 Power Fail [BWRFLD
PRErL aklows externat  logic o netify the CPY 2f & oower  fail
soaditicn, The assertion of PWRFL rasulzs i &0 inTerrupr at [PLIE

thar usas vecstar IC (hex) in the gyster coarrel klock (5230, A power
fFatl intercupt 18 net acknowiedged wicn an intercupt acknowlados bus
cvela, PWHEFL iz edgoe sensitive, ‘s zampled eversy microsvele, ard is
synchronized internally. TWREL @uast  De asserted an miaipurn of Swoe
Ticrosyclss ro guacsantes it i3 sampled. TWERL. nust be  daasserted a
minioum i two oicrogysles before asncther Gelt  request will be
recogrized. Far a descringica of how FWRAFL 1s used refer o Secroian

TLT.L

£.5.23 linzerval T:mer LIRcelW)

THT7 M a-lows egternal logic o notiiy zhe 2P0 of an  in-erval Eimers
roLilover. The assertiop of THOUIM cesults oo oan igtsrrupk 3t [PLLE
triat uses wvector o0 [kRex) 10 che BCH. AR intepval tixer Lkievruph 1S
noe  adhrow_edged wiih ap Llaterrupt athnewledgs DUus oweo e, TFTETH HE-
edge sensitive, iz SEmp.sd  sSvery mLarnoysis,  ano i3 aynchronized

-2



2IN CDESCRIBPTICH

1nternallv; TWTTIM Myst D@ asserted an miniman of LW ﬁ1tr¢¢yfl £ Ta
guaranzee 1t iz sampléd, TRTT:M must be deszsgertad o owinimum  of o
microoyoles befsrs  another hslt  reguese will Ge recogrized.  Foro

Seseription of how TRT:IM is used cz2fec £2 Sactian 7.T.2.

(3]

6 THA CONTROL - : .

There are 2 pins sssociakted w;th oA Coatros
funcrion of  sach of chese pins 1B dascrl
PEragratns.

prioxm

DMR  and DMC. Tha
Eed in ths following

G.6.2 . DMA Heguest (oM

vy che CPU chat [t would llHE
ted contral signals, THMR is
crocysle, and  ls  internslly

THA is aszaer=2d Dy external logic to no
ta taxe conrro: o af the DAL bus ané v
taval sensitive, 12 sampled every m
svnohronized.,

.mq; re
i
-"| =TI ]

B.0.2 DMA Grant IMG!H

MG is aggerted by che CPU in response to DMH. When TMG is asserted
cha CP] shres-stanes DAL<Il:aox, ET, WH, B8, OBE, BM<s:n>. and
C5=2:0». When external leg:ie is finisﬁed using the bpus, iz desssarts
IS, 05, BEE, and MR and the CBU rasponds by deasserting e and
bEeginring tha rext bus cyecle. :

a.7 SUPPLIES

Thers are 3 pins asszociared Cwith power: . 4 faor +§8 ¥DC  (Vdd), 4 . {cr
grouad  iVsal, and 1 {or the Eack bias genesravcr {¥bbl. The functica
of earch of thnese pins is Zescribed 1n -he following paragraphs.

£.7.3 FPower (Yad! .
Tners are & pings called Ydd, which are used to input <& VDT . o <he
MicravaX T8OAZ. P, -5 VIC 1s supplied by esiernal o cuine

ta paintained to within +/-3%,

[

L]
L]

£.7.2 dround (Vss!

There ara 4 pins called VYss, whnich orovides a ground reference for  che

l_'_rl
wir

e am S S [ S o e e B e, Y 'R e i e S T Y LB s e s e e B R ML g —



PIN DESCRIPTICH

MigroWaX 7532

iZd CPU. These pins are cornected o che osroprnd reference
Ear extacna: lagic. : : :

4.7.37 Back Bizs Gergraror (VaR

The Yob pla i3 the oukpys of the o0 chis back pilas genevarces. This
pra MUST MOT be vonnected.

B.5 CIOCHS

There & 2 ging associated «ith clock signals: CLEDI and  CLREo. Tie
furction af  esch af  chese pins s described in the following

maragraghs.

§.8,1 Cleck In (CLAIL:

Dt

CLx! receives the outpur of 3 TTL cecililater, which provides basic
timing o the CPu,

6.5.7 Clock dut (CLEQ)

CLED suppiies a timing wutput at mall the freguescy of CLHI.

£€.3 TEST (T=ZET:

Thiz pin is uszed by chip ranufactur.ng for intespal tasting of the
HicreWAd T3G3d CPU. - For nacmal uge tais pin MUST bBe sied ho ground.

T L e gt & e BT T T TS T = T ETL R T S TR T R 1 B S o e i S, e . e e e 4 e mn e o e



-PIN SESCRIPTION

6.10 PIN DESCRIPTION SUMMARY

Takle G-1 sumnacizes tne Euactieon of the pins on the MicrgVaxX  TELID
CP. :

Table 61 - MicrovaiX 7B032 Pia Surmary

s

cin Ho. Signal Name L[/C  Funczion

33-22 . DAL=3l:00% A0 0 (Time-multipiexed) During tne fivrs: part
15-53 . CPU read cycies, CPL write cycles,
EZ-&54 L . _ interrupt acknowledge cwaoles, Frovides

' address informar:on on DAL<2%:02% and
-length iafermaticon on DAL<IL:i0=, During
Turiag the second part of a read or
interrupt acknowledge cyole, recsives
dara driven by nerory or 19 devices.
Durtrg the second parr of a write cwole,
provides data from the MicraVvax 73332,

- . R , . -_ . .
A s:ircbe thaD indicatess WH, LM
CE<2:03, and DAL=11:J3= are walid.

-
=
H
L

A strope that indicates shat DAL«31:30=:

-— Are fpres tp vaceive data dusing a
~ead cycle or intacrupt cycle. It
iz deasserted fo signai thar the
daka has been feceived. )

= CAantgin valid data during a wrise
write eycle,. It is degsserted ta
signal that the data Is about :a
be removed.

b3

i}
3
e

12-18 TR EDES 1/ spagify whnrst oyreas of “he JAL contain
' valid data. Used asz an input ior
TEstind pUrpGSEs onlv.

2% WK e Speciiies thneg dirsctien of 2ata transier
an <he DAL,

15 Tar ’ | Assﬂr;ed oy the MicroVWaAX TRO3Z OPL o
. . pnable mzternal DAL Trafssaivers.

e e . e B —— e
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DESCRIPTION
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Takle B2
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Signal Wame
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cOVAY TEOIE Pin Summary
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-

Ll
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For dasi-a

[Cans ipnuasl

Func:inmn
azgsartad by exterral lagiz to nooifw
the MicraVAX 78037 20 chat: )
=+ during & read cycle or insercunt
cycle thar regussted 2ata is pres
an sne DAL ’
curirg 2
an the DAL kas bezn received

)

non-maskabkle intas=rups
a8 exacution of macroinstruecticns,

LR T o e

Lnidicake the
28T 4 scocess,
iacwsuniock,
inter-supc

type af bus cycle,i.s,,
inskruccion gCc2ss.
read-medif+ wrines,
AW LEGIe,

o

CE«Z= i3 vsed as an
sxterndl processarc

input Zuring
Tespanggs cyclag,

intersupt
aterrupts.

Four maskatble raguest

A maskakle ntarrupn
=
power Tail condicicn.

used Lo zignal z

b mraskaole i
SVSTeM clogik

L%

dpt usad tz s1g0al 4

nte
1

[ 1
.-|-||ﬂ

Agserted bByY sxternzl

g CMA cvole,
Leseartad by

a:knuulejq%
Amzerned Df the Micravad

coardirate SUTErNA. Droo
ATt ions,

PB b o e e ot e e e . o - e . mwnn

Wwirikta Cw¥cle that £he data

us=2 to halt

lines

=nt

Asgsarred by eitevnal l:gi, to indicare
= bug error, 2.9., nen-2xistan: memscy
o parity error,

sgerred by external logic to initiaiize
ke Microvar TALI? CPU to 4 known ri-
tal state,
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WHE

mom

oWAK Tad3: Pln Summary (Continged!

Funcean

-5 wolt sumpLY

Groyund cefarsnce

A double Erequency .ok inpus that
nrevides $atp timing.

Ll
rn

Clock outpuk sk Rall The

freg
CLKRI. Can De JUsed a3 CEm

r
=1

|:|
e
] ]
I ]
AT

SYS
Susput of ¢n~:hip Dack blas genecstor,
Muyst pnot be sonneceed,

Hegerved., Must be ried Lo ground.

= e e ol
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CHAFTER 7

INTERFACING

7.l INTRODUCTIOM
This chipter provides the user with scme gereral guidelines aag
pramples for ineerfacing to Ehe MicoreWaX TALIZ CPU. Scme of the aceny
covered are: :

& Sower
&  Fowepr-Cp/Reset
® MEmory SUuDsyshem

& Hu=z Ercary

7.2 - POWER
The MicraWil 73032 CPU reguires a single +3 ¥V supplv. Thaere &Te
gins  associlated with the power supply, four vOD pine and four
pins, Tae VDD mins are comnecTed . ta +5 ¥ and the VS5 gpins  a
connracted to ground. Cecoupling and qrounding wich the MicrovVaxX T80
CPU is wery Lmportant. CeCcoup:.rgd :the power Supphky (s done
CONRECIing & capecitcr Detwesn each ¥YDD £in and 1t= associaned VISE o
as.sngwn in Pigure 7-1. Thne recommended wvalue of che aceooupii
capacicor 15 33 uf Tantsium +1,-:C%.  The ground pips (VSSD should
Eied to the common polnt graynd for tha powver supply. The graund ot
snecld be -ied -cogecker ac the =h:ip.

)

D1 e [ L MG
@ ooy 3% kA0 GR o

3 L]

ROTE
ALI VDD pins muskt bBe zaanected b2 che +8B ¥V supply  and
a.1 ¥v3& pins must ke connected to ground,

B e e — e e & o m e e e e . e e o e e e e e . e . . i e e, e o e n




IMTERFACI

415

The H‘brﬁwrﬂ 1:E32 CPL i1areraally generakss its own negative  veltage
“hkicn 15 brought ou:z oo ke V3B pin, It is GO0 necessary o Fllter
hiz wolrtace, zhersfoce the YEE Din must SOT De coroecied.
WEER -
e
E II N
+ Ilr_'ﬁr-: ] T
+E 0y &K 4% ---.-.-.-Ja.-.——..-.--.-...!-
wIoh WEEY -8
Mera'y A FTD
- Frav fuz
{:__hrh.?1
et
_.___I_ E
ER- R u...-.---...---_-!--a--\. T . WLl
s 10 1
WG iz __I_"'__E LRl
.ﬂ"[‘\ .
M
Y.
\. )
aL: DAPACITDAS .
10 aF Tk AL, +1 =10%
. _ L L
Figure 7-1 Fowar Suponly Decoupling

P01 RESET A 2CWER-UP

THe MicroWAK 757232 CPU L= reset At any cime oy pu-ling kn LD oir

lnw a5 fallows:

L. wWhen power is Jirst appiied, the RESET pin must be held low fcr &
minimuwe af 3 msac afrer VOO nas reached a stanie +4,.7%8 ¥, This
MaLes o<Cercain =Thnac all ern chip woltages are =2zanis o pefars
beginning goervarian,

7. REBET must he held low for a ainioum <f 3.4 usez iI RESSY is
gsszerted afcer VYLD has Deen &t «4,.73 ¥ {or more Than I nsec.

wher, REGoL i3 zsserzed —he pracessEcs SLeDs execuiing ineEzructione  and

2nTers kna  RAsstart Fracess, Referv o Sectian 0§ Lar &n o 2xplanation

cI the Bestar: Procgss.

Juring reset/aower-up The MicroWAN 78038 20 initidiizes ins  internel

loagizc and zhecks o oaee if Lhe cprtliona. MicroVAR TH122 FPU -s prasenz.

IE ohecds fozr othe rolf bye



INTERFAIZT Nix

1. :Er+JrT~ng an sxteraal proacdéssor cotrand ovele.  This svochronizes
tne CB0 with che CPLE.

i Lssulnq a valid i1ns:ruce 1an to the BPYJ wia an extsrnal  aTscessor
compand syclia,

3. Trazasferring data To the FRU using &0 #xterna:  processor  Wroite
gata ovIle.

3. Aftar walsiag & period of oim
responsesenable  cycie, Thz
prasent.,

sme, perfarming Aan exTtevnal Droocessor
gz -verifies wherther or not the FPU :s

Tk ALTING THE PROCESSCR

The MicroWaX 78032 CPU is a dynamic Dpar: and carnaot be  halred by
dizabling iks CLEL input. The HMicroVAX TE03Z CPU is halted in opne afd
[Wi WR¥S:

1L

L. Exzcuticn aof a HALT lastructlan in xernali mode,

2. Assertion of the TALT pin.

Tither ore of these actiors cavses the execuation of macroinssiructicns
ke ke suspercded and che Testart process to be #ntered, The :nitistion
of the rescark przcesz 13 uader conerol of - the processor microcode.
The microooce  savas  the  processar stace and pasges control bo ouaser
code hegiaring  at  physical addrsss 29340003 (hexi. For a more
degtailed explanaticn of the restart proc2ss refer o 32CcTieon <2.4d.

zggerticn 9F the TELT pin results in ths execution of  a zor-maskable
interrups &y toe CPIT.- HALY is edge senzitive gad must be asgecrad for
+

8 minimum af twa microcycles Lo gQuarsntoes its beling sansed Dy the 24U
and be deassertad far g minimam of Swa microcycles before anckher EALT
witl be recegnized.

=

7.5 MEMORY SUBSYSTEM '

?;g;re -2 ghows an impiemenzaticn 2 memcry subsysiem with QKR of
PR and  1238EB of Sceti:c RAM (SEAM). This susbsy=2m fI2nsists 2f 50
sdd-ess _sich, addreszs decode logic, readswrite santrol  lagos,  ROT
lagic, J2HE of PROM, and _28K2 of SRAM.

The langword address i3 latchec i1a the LEITI trarsparsnt 1
A5, The address 1s decoded by che L3335 desodar. The output
de-agder i used -—g fslact the DRGKM ar ore of the four banks of SHRAM.

The EByreis! to  be acosssec wathin the  lonoword  arve seleczed by
EH{E;T;, WoLe +that This svstew does oot do a unique address deoade,

a1}
T
i
zh
L 1]
n
[
<

e o e e e = e e e . e
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INTERFARCT ®G

sxecuting  progral o
pugied on the sSrack and
far a description of the

chechk .,

.7 INTERBUPTS

Trne MicroadAaRE  TBOIZ
interrunts are Powsrfall,

bl

1.7,

The pawerfs
rpats la L
inrarrupt {IPL
“he wvectgr L2
acknowledge v

etk
12! wikh sno

s powarfail incertupt is
BNl is  edge  sensibiv

determine
in axternal

rrtesupt <an be used o implement a power
wveRLQr

8
cle agsoclated witn tois interrupt.

i
R

T.H BUS ZSAORS

#ecogniticon of bus errorcs. 2.9, bus timealtb, parity! s  ipplemested

im exterral logic. When a bus arror crurs, the external logic

antifies tae procassor of the so-or by asserzing  ZAR. when ZRH i

azzertad ane of chree things happen:

. Tf the bus ¢ycle is a CPU read ar wrize, 3z decerminred by C3<i:lx>,
hE  curcens oes cwyole is  extended one micoocyeles and then The
aorocessor performs a-machine sheck.

7. "If the pus cycle is @n  instruction prefesch (I-stream  read)
peafetching 1s Thalted, Hhen tre prefetch buffer is emopty, ECE
orocessor will try to Eetch the instruction with a data raad. TE
an error COCUTS acain the processor willi perfarm a machine checi,

3. If rhe Dus cycle i3 an TAR cycle, the proceasdir ends the DHus ovole
and ignores the innerrupt.

*f the assertion af ERR resuics in a machine check, it is up +a the

the type of 2rrer fram information
teagic. Refer e Section 2.35.3.5.3
paramgters oushed oa the stack for a machine

recognizaes &
Interval Timer,

‘hardware. 10tkercupis. THhase
ard IROs1:07.

fail rmaudtine

A mex in che SCH cr 33 & nigh priccaty

tmternally cenarated wvector  LOC). BaT3use
generated by the CFU, there 15 na gxtarnagl interrupt

nitiated by rne assection of the PWREL  pin.
ard [uat be asser:ed for a4 minimusm af -wo

wicsocysies To oguarantes lts Deing sersad by the CBJ and be deasgerzed

Ffor a4 miatmum  of bwo ol
will De cecoghlizss,

crocysles Defare another powerfZall Ilnterrupc

SR S s

S S i S T~ S



INTERFAZING

T.7.2  Iptesvel Tirer (THIT M)

The interval timar intersups  al

WS BHLEFTAL rogic bto sl

grnai: an

1
incerva: timer vTollover with a veccor of ©F hex i1 thne 503, This
interrapr ceuls glso be used as an [PL1s ircerrups with an Internglly

geagrited westar (C0). Becduse tae veciar 18 Jenerated Dy the [P,
ther2 i3 na exzternal incerrupt acinawlednos cycle assaciates with  this
intarrupt.

An interval timers ianterrupr is  inirciated oy the assertion of =ne
[NTTIM pia. IHTTIM  ia edge  sensitive and myst be asser-ed for a

minimur of two MICTACYTLEs Lo guArantes (ts Deitg sensed by

tae  {PU

and be gGeassgertad far :z minimum of cwo microcycols=s osfore another

intezval fimer incercupt willi bhe secoqnized,

For compaczbilizy with Digital's MicroWMS, TLTRIX, and VANELN softwsre
4 10 Kz cstiilator saculd sheowld be used for the THZTLIM input.

7.7.1 Generzl Interrupts {TAQ<s:e=)

The Microwax 7E0I2 CPU nas Icur inzerrugpt levels for vse by peripheral
devices.  an  interrupt i5 reques:ed by a device asserting cne of the
four interrypt lines (IRZ<J;0F] of the precessor.,  The processor Will
drbitrate c-he interrupt and then perfeomm an 1nter;upt acinowiedge
C¥Ilie w0 acknowlesdge the nighesr pending interrupt, i it is  aighar
trhan the currsrnt TPL of thke praressse,  The Ln:errupting davice musy

tnen provide an intarrupt VECLCE Lo the pracesscr aad assers

the user has ta conzider the tallowing reguirzmencs:

i, If mere erhan 4 dev':&s are te De used, asme fvne  Aaf
SCheme must be imolemented in extarral logic.

2. External logis has ta deccde 585<3:d>, RE. and WE fo- oan
acknowladge cycle.

3. Externa’ lzgic has ta decnda the (3L level, ir hex, or 9AL

Wnen iateriacing to che intesrupt mechan:csm of the MicroVaX 7890

= e e

& CPJ

L

priocricy

intsprupt

ﬂ.lj;:l:lﬂ}r

w=. Externa. logic has teo supply 2 vestar ta che CPU and  assest  HOV.
This wector is an gffser  into the SCB fnr the locatior of bhe

lnterrup: rouzine.

ing '“121'1*'13 rhas GAL<
vnext Zelocre se0vVi

f the vestar provided by tae int
:1E CPT will ez its IPL ta
Terrupk.

1]
[ |
o
—
T

For a desovipeion of an iaterrupt  ackiowledge buz  cyvele,

hh

e e e e T L L S 4 e . R TN T T B RS AT |l S o Tt B8 TR 5 k! o e e o om0

-0
-
[

- r
ing tiwe



[HTERFAC NG

T oits simplsss facrm o the MiceoVAX TEO3Z CPJ will accent four diffarent
deyrces, one for sach intecrupt lavel., 7o expand tnis casabilicy the
LEElP must provide prioritization  logiz, such as s dsisy  chain,
vectored LnTerrupk coatroller, ets.
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APDENDIL A

Do AMT AL CEARATERISTIOS

Al DO CEARACTERISTICS

Ahsalabe Maximum Ratings

Srarage Tempecatare Rangs
Active Tapveraturs fange

Sudpply Yolrage

Inout or Sutput Voltage Appliled
¥Maximum Power Dissigatiorn

Slacnrical Chasacrerianiszs
Spacified Temperature Range
Mimimum Aivt Flow Cwver Chip
Specified Supply Voltage 2ange

Tast Canditians

to +125 C
ko =70
kg, =7.0 Y
Lg =7.9 V¥
wWatts

-55

Lak LT CF] 2

.
A Cd

L

2 o=a
170 linear
~3.7% ¥ ta

=T 2
f=dakin
5,25 Y

-
b

r C

Ly

-

Temperatures
Vag = i) W

Wid o« +4,7% W

[except as

natned)



JEAND AL CHAHAfTEP[ST!CE

Zvrool Pavamster Min Max Tnizs Test Condition

Vin Hign isve. input 2.4 ?
violtage

Jil Low lavael input .8 i
Vo iTage

¥ioh Highk lavel cutpurs é.4 ' i a1 = - 400 aa
voLtage

i Law lewel auspiit a4 i ol = 2.0 ma
vaLbage

Vane High level ouspurl R K4 Ion = - 200 uz

volbage 1EPS onlyd

VOLE Low level oubput DL N [ol = 1.9 ma
valtage (EPS only!l

Zils Input leakzge 3.2 A vin ='4.2 ¥V
"curcent 1C5a2n)

Til Input leawzce -12 iC A G« Win < V44
cuarrant

Iml DJutput leakzase =11 G I 0.1 <= vip = vYdé
crrenl '

g Active supply currert 740 nA faus = 0, Ta ¢

Cin Input fapacitance 5 =13

e i e e o e e 3 8 e e, e e o s = 8 S L SRR, T b BB U T & T e o - s e e S 3 e e ot o e e ammma e m o e



O AND A CEARACTERISTICS

.2 ACD CEASACTERISTICS

Yhe folleowipg notes  apoLly | o Figures A-1 throegh A-7  and  their
associated timing tables

i, Farmulas far the timing paramatsrs are staked in terms of bhe CLEI
per.nd., CLEL period = tlIP » B,

2. All times are in rancseconds sxcept Where noted.

3. AC charastaristics are measuredé with a purely cepacitive lgad of
113 pf. Times are wialid for loads of up te 106 pl on ali pins,

1. AC highs are measured at 2:3 velts and AC lows at 0.8 wolks excep:
'.-C'].' e + ’

5. AC nigh for E2% iz measured at .2 wolts and AC low at d.8 wolts,

6. 5 % the number af slipped microcycles during a bus cyc:ie.

7. Thes samoling window is used ro sample the following dsynchronous
sigrals:  wOY?, ERR, and DOHR, GBOY and ERR are gualified hy EE

peing asserted, ODMA is quatified by XS being dessserted. The
affecs af these signals on rhe currant bus cycle 15 as Iollows:

- The hus cycle will copclude 2t the end of the current
- microccysle if- ®O? land HoT EFE) is asserzed zhrcugnout the
sempiring windoew while B iz aszerted, '

- 12 TRE iz asserted taraughout the sampling window while RE  is

ceerred, the c<yrcent microgycle fecomed an exXtansion Cy¥ole

amd the bus syele ends after the next misrocycle.

- [f BEBY or ®RER go through r
.

a +transition during the zampling
window wiiie A% i3 asserted, th

a
& ragylh Ls indetaryinate.

- THHE is sampled at evepy microcvcle bouncary.

MR i3 sszerted rnroughout che sampling window, arnd AT is
r asserted, and the CPU hasz ncz lockes the buos che hedt
microcycla will be the beginning of a OMh oyole.

el .

- 1f DMR is asserted throughout zhe =aapling w.ndow, i3 is
asserred, and the CPY rRas 1ot locked cthe bus, the firsc
microoysle after the end of the current bus cvolg w:ll noe  che
Eeginning of a UMA cycle

- A DMA cycle will zoaciode gt che end of the corrent micracyole
if BME i3 deasse-ted throughout the sanpling window,

— —_—— e A L L L TR . ¢ S ] — e e
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-3 AND AC CHARAUTERIETITS

AL.%.- ULHI Timing

Taole a-1 CLRI Timing

SYMBOL . DEFINITION MH ' B

i F Clocx in fall time 4.5

B3H Ciesk In high ' 4

I Ciack In igw | .

CIP Dlack Perod 25 250

124A Zlocs fn o nise e _ =5
——— b

N

MATINIT -




DL AHD AC CRARACTIRISTICS

. [ -
At theGiagh 2 o

ek ¢ — e e

e —— e o e o Bn G

3.3.7 ©F0 Read Cycle, CPU Write Cycole
Tabhle A=l cpt) Read Cycla, CPU Write Cyole Timing
SYMBL OEFIMNITICN " W&IM Max NOTES
AT - Address saf up tme to AS A . 28
AsEITHCP
T addrass hgld sme sfer A5 2% . 13
ASEenare
ASH BS rising tnrough 2.0V SR
LMD nsarg throughe O 2Y
AZLD EE faling (rreogh 9,89 10 P - @0
GLED ming fhroudgb O3
1AS0E 5 asseiton ta DBEE and 3P - 15 3P 4 20
TH mid) 38SETCN
et 8% asssrran to oread dsta vaid P - 30 « 8aPs *
ASZED IT assertan (o D5 Assérhon 4P - 15 5P e 20
]|
tASDZ Z5 and DHEE deassenan el
data 3-sials )
bASHW A5 dwasserion widih 3F
raELw A= zesartion width =0 .15 4. 575G
TASYA BT asserion & beginring oF 5P - 431 - 8PS p:
ArY, EER. ard OE sampliag
i
TASWE EE azsartion to ang of SOT. ar - 19 - AFg 3
Erl, and DRI =zampling wirdow :
tASYWE MR BM- 30 <% 20 how B
tme from fa doassacbon
tBRAS OR300 e o e befors - 25
AT aszaction
rGASH LR regng gk 200 S .7 2 - 5



OO AMD AC CHARACTERIETICE

“ahle A-Z CPU Read Cycle, CPU drite Cyele Timing Coptiraed!)

SYMBOL DEFMNITION Mk MAX NHOTES

CAZL - TLLD rising tArcugh 2.0V T o2 3 -
IE faling mhraugh 20w

IR SLMG rsing fhrougn 20 o : ' F -5
read dza valid

4] L] wete dala noid tire frem F -z
+

TLEQ cigng through 20y

= COKD fal oame s
PO LK Righ 2P - 25§ 4 5

WL CLES 1w EP - 21k 5

e L% pariod 30 ) zon

t2 CLAQ rige ume ' 12,5

s i I CI5g ["‘lruuf_._,"n O ) aE L5 3

o hegnarg of 30Y. ERR,
ara SRA samoing oo

WCWE TLOLLKD ring chrowgh 0AY 17+ 15 2
p =g o 50O, ERS, ang SRA
sampl.ng wirdas
iDJELWY ORE asserran widin 3F - 20 + BPS
el Write catz seT-ug Lma 2 GF . a7
CRED nmewg Mrougn 2.8
I '“Writa dala zetan mna o 3% AP . 53
FEEE "IN
I=as 08 pozzEarion o AS 3ndl p .15
DBEE deassaiine
oED Haan datg ocle time ares 08 >
CERAGSErITN
ki OS5 as5sru0n 0 cRAac Guts csio ap - s - gas

Tl e e e = e L g T T — i LR RS, S AU i ik e nm 5 ¢ o o s e o o o e o . 8



Tacla A-d CPY Read Cyocie, {2U

DCOAND Al CHARACTERISTILR

Wrize Cyole Timing (Continued!

SYMBOL  DEFNITION MIN MEAX NOTES

LS00 Wike daid howed hme from 05 am .20
daassartion

oEDZ DS deasadrisn 10 4ad Jals ap - 2p
J-=tlata

PEH W D5 asaaserian snEth e

rOSLVI DS aczertion widtn fesd) A2 - 25 L aPs

DS 05 dssarlicn widin sanial G= - 20+~ APS

B Zamping wirdow ngd g IR . 25
razd data walid

S HAS WE. CSI2d ser up hme nefore 1= - 55
A Azseran

.Hl:ME:

1. Read data is vabid garly anough o (A300 or 1030 o0 23 5 satsfiad,

Hou-

Reguirsments tar the beginming of the sampirg sindow =ra satsfies i either (ASWE or 1ICWS s
1angied. '

1. Faguirksments for e and 20 he 38mpmg wandce ard s3iiaied of adhar TASWE or 10WE 5 zausfiad

RSP PR S S

A=
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Q0 AND AC CEARACTIRISTICS

A.Z2.3  DMA Cycie
Taoes 2= OMA Cyzls Timing
SYMEOL QEFINITION MM MAT MOTES
1NSG A5 arn THE gazsserian o tX . 2R
DMG assertian
oGk CLED riging through .08 190 2.7 CRT
CML nsing trauga dgy
oG CLKED nsing thrauge 204 oo I Po- -3
OMT falling mrcugn 29y
DR G LR o The aenoy iGP - 23 AGP -« 27 - IREY
LLLE b 1 IRt DA iatancy b 192 . 25 a5m 30 - Ap5
TUug wnloskad
GoaLd OMiS deagserlcn o sxmtmg 4F - 2
device Mreg-state of D85
iaChR ONG asserton o OWE d=zs3srin AP - 45 - I
Such mar rg rmare 2R vl 83 zre i o- 2w oA
reQussied.
IGHL CTAS riging theaough 2.9% 1o P. 25
CLHQ #15ng hrough 4,8V
HELE OWG fallng thraugr GAY k3 R
CLED rsing thraugn O &v
= iyl DWS minimuam aszaricr widtn TR - 2% d
il - 27« aPy
WE5E SMG aszarticn 12 ihede-tlate -4 1
of I3, BE, DBE. WA, o5 20
ang SR 3.0
s LG dezsiesnor o erermal 3= .24 z
Jeving thige-state o oy Oe
CEE TR CSIEC . ang DAL
Hates;
Moo= e narbas ot mictocemEs gl 3 DWA gram Bals A Ina 3rAr] e REUE0 L0 W4 MPI—Lm 2

R L ol R e )
= Ar ke corclusion of 2 MO grart e edmew iege MUST deisect 35 08 are TBE Tefura b
auta-rsl bus driveFs 30 Jul 0 INE wga modecance siaba.
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dE AND AL CHARAUTERIBZTICE

ALz, Bxmernal

Processor writesCunrand Cwoclie

Taile A-% External Frocesssr Cyole Timing
SYMBOL ODEFIMITIOM feim MAX
ER CLEO falling arauan 284 o 2.3 P . 13
=% fahing throvgh 2,29
tCOERH Writy data vEid S8 w0 ume =R - 3%
ta EPS deassertsn
EFCEL EPZ agesrticn o aurarsds a AP - =
Pracesdor Asserlan ot TEe 2
'EPCEZ . EPE deassaction o C5.2° 1oree- o pol ST [}
sEtEl By exismnzl peooetsor
ola] EFT zssemor © orezd maa wabd ERC
Hero o E0E fzl obemetrn 22V o GEW a i
FEFE DO Wirilg cdaly aeid fime Rom 2B . 25
ESS fagzzzartion
1EPLC EPS falag tnraugn 06v o F. 23
wLED faling througn 2 O
CEELWI EFZ 2a5€rnon wdm 53 AP -z JF - zZ0
EFLWE ERE amzerhion &g oynile ] EP - o0
IEFWNF WE and 5010 nold tme feart P - 26
2FY dweizesticn
P2 -BEFS dsazserren ta read Zdata 32 .29
lnrda-si14ta
Wiy ER WE znd S¥0i 0k set ug Lme 20 %5

oerire EPS asserhicn

1=
|

r=

[

ST o i e e 2 g ) FRARRRS o v, o e - B e e s

TPracessar Resdl/Response Enakla Cwelz, Zu



DT AND AC CEARAZTAR
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DU AND AC CHARACTERISTICE

A.2.5 Beset Timing
Tarle A-«S Resa2t Timlacg
SYMBOL DEFINITION NN NOTES
TRES FooBT deasssrian to frat B T
DLKO pulte - RESE: is
deassertec synchrcnolsly
IRESC srumber gf CUKG agnods from a7 pangds
BESET geassertor wnbl first
AL zclivity
HRZ20GH BESET assartion o JWG. EPm T
dgasEaction
*HESH Fe=ok T gESerbcn to AS. 08, DEE 2
'.‘-'ﬁ adssertan
HEYY JESE " agsericn aid aftar S0 rneas
YOE . 4 FEV
HESWS RESET asserion wdik f YOO has 1.7 u=en
alrezdy bean a2t 4759 tor 5 —ges
wngn BESST m 2ssertad
IRE=Z r"-'.:EE| ASgEcriar W JAL 2100, 3
Ghic 3Gy O5-2:01 wmree-zars
Mohas:

T Whan AEGET ig asseraed, DG ang 25 are orouqht mign armd Beed bige ov o tnad ouall ervers.
z. winer MESE! 15 asserad AD. OF. DBE ang WS ate pul n the =igh ‘mMoscance sats ard broushd
g Oy kaw Sureeni irterna poll-ans.
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This
-t he

IMNTRODUCT(CN

APPENDIX B

INSTRIICTIGN SET SUMMARY

sactior provides 4 summary of the VaxX-1l instraccions

MicrcoWay

floating point
MipreWVAX 74037

impiementad oy
TEO32 CPHL, the fleoating point instruccicns supporied by the
uni=, and the emuiared instructions chat are assisted oy the
CPU"s micracode. C .

The s=andard notacion for sperand speciflers s

<aaper . cactess kypar<data typer

whopre:

l. ¥Namsz i3 a suggestive aame for the cpa=apd in the Context af  :ha
insgruction, It ia =he rapizzlizead name nf 3 vegigtfer ov Dlock
farc impiied opnerands.

. Access type is a letter denocing thka cperand  specifier access

-2

Eype.

3. Data CDype

myltiple longwosds (used ont

-1

& address Ccoeranc
B o= Eranch diaplacemeng
m = modified operspd (hoth r2ad and writcosn!
r = read only gperand
v oo 1f not "BAn", =ame a3 a, othasvize RIn+l]"BEn
W= write anly ocoerand
ig a lerzer denoting the darta twps ai the operand.
o = ZYTe
d = D Eloaring
t = F_fleaticg
o = 2 fFlzacing
1 = Tonoword
qg = JuEdwDrd
¥y o= fField (usad anly in implisd cpsrands)
W= word
&, u Wi

impiled oroecandsi




INSTRLUCTION SET SUMMARY

™

1. Implied cpsrands., That 1s, locazigns  that- are  aczesszed by the
instouceion, but roe specifiled  In an operand, arce derated by
pracas {}.

The akbraviatians for sordicioa Ccodesz ared
o conditianally sersolearsd
- = net sffectad
2 = c_garad
- Io= Set
T"he abbraviacians for exceptians arce:
szy = reserved operIind Jault
oy = integer avariliow trap
igvz »  integer divide by zera trap
tor = Ilgating overflow faolt
tuvy = floating underflow faulr
vz = "floating divide by zevo faulr
daw = declimal averi.ow LUrap
COVvE decimal divide by zeroc zrap
sub = subscript range trap
prv = priwileged instruacsion fado:
Jpcode valuas are given In hexadecimal,
[= ]
3-2



DHSTRUCTION SET SUMMARY

B.2 IMSTRUCTICN SUMMARY

The following lg a summasry 2f the VAK-1D instructions  impierentad " by  the
MicraVex Y8132 CPuU.

OF  Mramonic & Arglmmedals Description MZIVC Escapiians
98 AZEBR tirubs, 39d.ch indexomb. . A3d gomparg and Prancn byea e, i
il ke : : : .

1 AQEL temin, add.rsl mghxrl, Aol comoare arc Sranch long -t iy
despl by ] _ '

A0 AaZAwW hmitrw. aod rw indes mw. A3d camaara ana oranch o wgrd =t L Ay
d:sp by

I3 ADAWI sdd.ra. SUM.mw . Agd giigrad ward idleriocked L -

80 ADDBZ add.b. Sum. ma Agd Mg Z.operand R R

4 ADDBDY addi:b. add? rp. suetrowb Acd orpe Tcherang L iy

GO ADDOL2 agdd.s, s, i Al tang 2.waparang oo Tate]

C1 0 ADDTLY addich SaaEil sl Adg 'ang t-cperard AT 1

AC ADDWT ddorw. Sumama Adg wera 2-oparEnd s ay

Al ATWI apdl re #dd3 re sum o wa Adg wgrd S-operznd R P S TS Y

CE AQWD agg.rl. sum mi Add wIlT carry TR T T iaw

FX  ACHELED fimuin inges.ml. . Add are and brais:s om sgss or 2gQual vt v - i
disoi bb . '

Fz2 AGBLSS bmuesl. mdes m. fee ph Add 2o gnd brassh gn wss LRI wu

T ASHEL onbsh, oaraol Jsiaed ArilRmBtic SHF laft T n ey

T8 ASFD opLch. Src.t. 080wl Arihmaic s guad DAL R TN

E1  B3< aasoh Dass oo, Sisseon. Branch gr gii char . . oy
THimie ' : )

Ef IRGE pessl bass b displ bh, 'Elran-::i'l on DIE clear ang cigar O 7]
Jimld.my: T

EY  BESCS: pos., Dage.rd. DiEgeSO. Branzh o St cligr ang claar ST e
sFusdd mes Rl

El BACS posor. £asasb. 3iggeoh Brakeh ge o clear and a0 Ce e e
Flald My . ' ’

ED]  BEE gosr bage.sB, displ bl Branch ar g4 =i . - . rsu
P e _

EL BE5C poert, Tase vho Tisgabo . Bramck oo ot sat and cigar e - - =
i_r'iuu:'_.'n'.r'- .

£4 BB55 posrl. baes.ws. dspl G _Elfanr:h an El 28 and 541 . -
fiaid e ] o

ES BHSSY ogsr. aSe.wb. disp.bb. Branch on il B8l and el - - . Fiu
[FiEld o’ : neetleckad '

"5 BCL -8GEDUN disolbb Branch op carry clear

F OBCEI=BLS5U] &sphin Sranch arn’ carry ssl

"3 BEOA[ = BE3LUF disp! bh Branch an acual S

3 BEZd dizol bk Braneh or greatir of ! - -

i« BGTR displ.bb Branch a9 greater -

18 BGTRS disc:.oh Erancih ur Jreater uhdgngd - - -

B4 BEIC3Z rnassob. dznmb Bif clear tyle Feoperang T

38 BiC3T maseoris, sech, SSLwil Bir ciwur tylg Logergnd L

LA BiQ_E mash 1, dsteml bit cigar lang 2oparang R

L3 BiD.3 masist, aregl asnal Bil clear iong J-pparang o

[TE}
!
bt

e ————— o e o 2 e i o - . . B e . 88 S o e o < B A e 3 e h e @emmn @ w" @ mem ww . -




INSTALUCTION ZET SUMMaRY

P Mpemonic & Argumenis Lascription b T R Excasiats
Ba  BuiFSWw maskoe Sy cledar Irocassar 32Le ward -t gy
AR S GWE mask.rw, dskmw i1 clear Kofd 2-opsrana L
Al BICWDS mask -, Sritorw, Osboaw b clear wvs Irops-and R T
52 9 5di mas< rz. ask.mm Bir 551 9vie & opa-=nd S
By 8523 mas<ro, srcorb. dsuwh B a2 bvits J-cperang L A
8 B5LE mass.r gELml Rit %1 ung 2-oepe-and LI T
S 83507 @i, aescl d5d S sa eIyl 3 cpArsnd L
B3 Q-5PEW Task ra At sa% arocessor skaws Sead o ay
A BSWE mask re zziow . S see #crd Z-operEna ) ot
40 ESWI maskora, srgorw lstoaw i et aard 3-oparend S |
31 RBITE mask.a smrh it tag Iyo ) B
03 EBTL massrn. 56l © Bit tesl laeg -
B2  BITW mask.ry. sroorw 24 tesl wars - a
B3 BLAC srsri. displ oo Arznch 2 o B claar - - -
E5  BL2S srorl. dizmlob Aranch uh ow ol st - .
-] Bi &5 Z9EEDD Asdnch on ess o agual - - -
"B BLETL Jzplbl ranch or 1355 or Fgual ursigued -
0 BL3E Jopli Bsanch on leas .o
2 BNEQI=BMSOLU ovsploso Hranch on not aqusi - -
A3 BPT [445P Wt draak Dot Fawie L
"1 BRBE dizclbb Brznch 4l Byt displacament - - -
11 ERW JEpe o ’ Brapch el worg siSgiacerent - - -
o 2538 ataplbo, 58w Brateh 15 subrouhne Wit ovie - -
. AmAalacermani
30 BIBEW dizpl beae CSELwD Brarce fo supraciize w.n woed
Jdizplacamen?

Tw BV digpl bis ) Srarcm an overtdlow clear ‘ ..
IG 298 ziage.ch Brarce an mverlow 56 .-
Sao CACLA arglerab. dsisb A EF Wt Zall with ges#re: arguman] st Ja8a0 rgi
= Cai_LS mLmary ri, asf.ak. _-|5-""“.4'.I'E —ail ath argunean? fiss on Siack 70 1 L
IF  CAZEER gelosinrn, 8428 13, 9 . Case Hyls =t -

Fisph.maolist '
SF  CASEL selectar o, bayerl liminl T Saze ‘ong : L I

2isph ow-list
AaF  CASEW splacrororw. paseca, Wmpnny. o Cass anerd -t

50 oe-list
a0 CHME saram.ow, ySFLe T wWhAN4 ode D BXBCULYE A o T I’
% CHME param.ow, LR, T hange muode @ kgrng: [ e
SE ORME 2dtErmaow, DiyIPLwT| wharge modes 0 suTErEor L B R
BF ML parsmora. [AvSPLw T izhamga mode 1o wssr onnod

© drere g = MIML 2 AL current | meae

W ILRE deiwo . Zisar hyle O 1A
Da DLEL dstia Clewr igns L B
ro CLEQ Astag Llesr quad St
A4 QLA detaw lgar acrd T I

Ltk
.
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gl
a9
Fo

43
a2
a7
cr

-
]
arv
oa
or

AR
a7

o

-=

WrHamonle & Arqurmeants
ChPE arel o, =522.h

CRAPL srado!, seedrl

ZJMPY pos.t, =g rn. dAase v,
hald.~l. smour!

CIAPYW arcl rel SFSE.mh
DRIPEY pesol sixhcclr. Dage e
ifight. ~ui, w2

CWTAL g o, 5t

cyTEW srooo. astowl

CWTLE srore, ascwh

SWTLW arcom, datww

CWT'WE zrow. dELwD

SwTWL sro.mw. donas

LECA +.mhb

CECL At

CECW Jd.mw

By s o i b

W33 qurrb 243 1, Quoah
CIvL? G-l qug mi

CiyLE e civadol, quoosl
CrwsE diys.ry. gug. e

Crvwwd deyrvi, diva.rs, gquo.aw
EDNW awve.cl deudr] guoowl ferm. s

EMUL mudrel. ruld.n. add.A.prod.wg -

EATY pas.n. sie.co. 'BE3e vb.
fiand, rul, dstowl

ENTEY gosrl, sizm o hasg.oh,
g gt astowl

FFC gtafmoa.rl. sIze.rb. base.o.
g Snzpos. sl

SES slEmpos.r. Sieern. DESe ¢h,
g rut limcpesoa

- Tl :-|HEF':I.'.'¢"E

LR gum mby

MECL seemi

FCYWY Sem T

MEEX gumssspr.’l ‘Ow 'l Signes,
SuZE et gL L e el el
HEORL airy al), header.ad
RSOTI Aniry. 3, Foades.d3
HMS0UGE anery.2b, wrad.ab
FeSY Srourl. posel - 5ize.TD.

oEae wh. haid. wul

JiiP Jderan

JSB dsLaly, -3FLwl

CLuthp M subroulre

e s " RS M I B o B e w il T

Degcnplign NEYLC
Lomadra Hyie L
Comoars onag T
SorcaEe Meld L« T
Saompars wcrg L B
COMPAra Jars-3piandas el B B
wOnEsl BE 12 johg - B
wanudrt tevtg B oaiged RIS B i
wonvart iang o Oylg B |
Cangovert igny o wrprd A &
Cafegt wgrg g Gyte R ¥
sonvart ward 1 1GTH DL i
Dearamary oy oo
Decramsent .Ong Lo
Oearpmare ward - -
Dok wy'd Ziogrard S|
thvicle tyle ooerang R ¥
Diwcs ‘ong 2-coArand R v
Draice tong *-cperard Tt
Qiwize werd 2-operano =N
Chwze word 3-opecand S i
Caitended: diwEs - R
Extanged muitipy - taan
ExLast had BRI H
Exfrag: zercgyandad figin g -
Firz frst Ciesd Bir g0 0
Frpd Frss 3@ it a1 a
Hal k&g mode nly; - - -
Icrermgnt ovia - oo
Imgrament tong e
Ingrament Aard soror
Indes C2oARIST S
leggrt ar Padd Al Zuos, ingrisessd b I T
It gt Sail AE queee. rtgriocked g -~c-
Ingseet indo qua ;e R I
ineaeT Fleid -
LUImp - -

e b i B b " Pl i B e e e el i e e
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[HETRUCTION SET
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0z

e
8z
LB

-
b 3

A
=
CE
=
SE

£8

mn

b

L
72

-
fa

L=
44
ac
A
B
-4

|
Cs
i
AG
Nt

e
g
20

SUMMARY

Mrgmaonig 4 Argumants
LOPCTH (RGE . -KS&Lw"]

MICKIZ srorb. Selan
MO sl Aseewsr

ORI g -w, dst o
MFPR prog-egoat. dasbawl

MKNEGE =rz.0D. usiwh
MMEGL aic.f. d9q.wd
MMZEW aro. e, dalww
MEOWYAR apg gb. dgtwd
MOWAL =5 gz gl gl
MOMACT =0 =20 arc.ag. 99w
MCYAW sro 3w, 280

- MWMOVE =D, JsLaD
WMOWEE arw. arcdadr ab, dsiadar ao.
- DS

MOWCE sretenew. sregddr ag, dilleo.
#;.'t-'hm.rw Asiaddr.ak, - ~0-3 )
WCWL srorl detoe

WMSYPSL dstowi

MOWG sreen. 280 Ay

ROV aroora, dal e

MOWIEL ararE, d31wd

MOWIEW arerb. dg s

MOWINL Srg,w, ashaw

MT2H =zronm, procreg.s

FMULEZ rrulrro. proc.ma

MULBI rulr i, eeuld rg. grod wb
MLt 2 meir sl arad.m

PAULLT e (L Pdd ol oroca
WATIOWE e mw, oo, e

MIULWE muirmw, muld.re pEoS. s
AP

FOPA mask.ra. 4EE1- 1t
FROZESR mode.sh. #n ra. bagd.an
SEOSEW ol rb, lenora. oges.an
EUSHAD Arc.pa, [0SRy W]
AUSHA L] = F! arooas, 520w
AUSMAG =B =4) arcae, TSP W
BSHAY soaw. SPLwl
AUSHL are .
FUSHE madu. i
RE! 4581 -.r"!

p<E

Dezcrptian

LU SrRCHSE SAntenh
warrei moda oyl

wigvE COMDIRTETIES Sy
Yaea comepiemenisd long
Mowve compermentsd won
Move Irgm procasior ragreter
gTnal maoE Ny

Elows negdres —y|

SMove tegaled tang

Mova rsgaled g
Mowa andrass of ayls
Wova acoress 5f ong
ffove address af cuad
Vowe addesaz F mgeo
MOve OYME

ltawe aEracoer J-aparand

ldaue <naracter S.oparsag

Mansa fong -

Mowe processor #latus lengword
HAogwg quBeao

Mave wora

Vidwa tetgemaisndec Dyle @ lana
WOYE DRDAYRETdES Dvie I wied
SMove zacg-extanded wors 1o lgng
Move o OIDCEESOH regidier
ITarnal mode cnly:

Mulnply bybe 2-comrdsd

Muthiply byte L-comrrang

Ruibply lang Z-oparard

Mudiply long -zperandg

Wiy wgrd Z-aparind

u ol ward  S-apearaed

e caoerazion

T ragusIers

Frofe e S0l

oroba wrlte acsass

Fush adaress of ovis

Push sddrsse ot long

Push addrsas o quad

Push addreas o word

Buzn long

SITET oY 1.0 T

FalErn Farem gxsgalinn oronjerrum
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Mpemane & Arguments
REMSHI haader aq, aodr.wl

AEMGCT “wader.ad, agarwi

AEMIUE 2apy.ap. ados wi
RET S - r!

BTl enech. #resl, ogtal
ASE 15F « ]

ZEWS sub o, dilm
SOSGES indewmi. displbb

ZDBGTA indsaml. disz bb
EUARY sun 5. ad mhb

SidBI suorg, munrn, g8 wh
FvELd sun . didmi

FUILE subn. mun AL di i
SUEWE subonw. Jdefmw
SUAWI e, masce dil wo
SWPOTA USRI - . PSB!

T2 sre.th

TSTL =22

TITW s s

HED ‘umspacriad coeranss:
KOSBE mask. g, dsmo
¥OA33 makk ro. sregt. dsTwh

- XOSLE mask.rl. g T

ADRLI skl srooel, 9w
HAOAW2 mask.oa dslmw

KORWE mghow, srora dE‘..'n";'I-'-;_

Dagcrnpticon .
Barmaove ram haar ol gusye,
b3 Eeret - vl

Fgmous oM lar of queua.

ne&rieoyas _

Semaeve YYar Jueue |

Baiurs form orocedurg

Sirawe lang

Agiure fror subroutne

Subtacr with carry

Sublrect one ama granch on graaker
o equal
Suopand one and SrFneon an raarar
Suniras byle Z-aamrang

SuoTas: Bye J-Gderang

Sumrast long 2aperand

FHupiract ang I-cparand

Fubiract word 2-ppsrand

Subfrdcr woed 3-npe-End

Save prOcess COntest

warnal modg oy

TaEl Dylg

Teat ieng

TEE0 wOCD

Eclertded 'ynziion call

Extfugive & ovie Z-operand
Esxowdivg or Syfa S-oparand
Eugheava ar 1ong 2-0sarand
Ex:'::'qlwa ar iafg Zeperand
Eszizsive oF wore 2 Hperes
Erciaivd G wirs J-cparanc

e S S —
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INSTRUCTION SET SUMMARY

B.3 FLOATING POINT INSTRUUTION SUMMARY

Theze Inssruccions are impiemented ir. nardware ‘it the oprional  MioroWAK
T8132 Floating Point Urnit (PPO) iz present Ir the zystem. [f the MicroWax
§L3Z F20U i3 nok presant 11 toe svstem a reggrvad  eperand faglt will  pe
taiken znd system sofrware may emulate these irstouctiorns,
ot Mragmanle & Afguments Desasiplian MIZIYVL Exteptiong
GE ACBD limid rd, ddd g, noerd Azd comparz ad brangt D flcairg R I T~ TN
LF ACEF lirmug, of, ade.rf. wedmy of Acd corrpars ang aréngh = floatng Ta - rdw. foe, oy
dFFD ACRG limirg, aderg. indss.rg Acd sorspard Ang Granch G 'I-..a1|r'-g L rav, oy fuu
gl ADDDE =dd.md. stemmd Agd D _Héahon 2-operang B IR + 1O 1. O
Gl ADDD3 zodiac. aoo2sd sum wd Ao OF_Scarng 3-opsr 5n-:| . DR VRN £ - T TR T
+1 ADDFZ axs ¢r sum.! Adg F _Clealing 2-opers St an rsv. Rad.
41 ADDES add1 2, aod? o sumoaf Add F _flcaime 3 :parand B | rE . BAw Fyw
HFD ADDGE #ddrg, =urmg Add O _Mesing Jegerind Tt d tEw Bl tuy
HFD ADDGI addi rg, aacd.rg. sum.ag Add 3 _Mleairky 3-apEesng ] TR A low. fuy
B CMPD srolrg srodord Zompdrs T _Ygslicg _ T3 Q mw
1 CMPE g1t src2 A Torngars F_foanng R T S -1
FIFD  CMPS sroleg. sreong Compard 3 _Foalitg TR0 raw
ai CWTED sre . dslwa Caonvar hyte 12 2 _floanng SRR B
= CWTES <sro.rh. ase &t CAaneard fnwvie o ﬁ_r-.ga:mg_ LI
=CFD CVTBG srorb. dsiwg Convar byete 1o O floating R I
153 TNTDA sroord. dat o ' Canvar O Loznmn o dyle T n faw. iow
-1 S TOF sro.ra. datwf Convert C_toensg te FMleanng T rgn B
B SWTOL arsna, astowl Convert ©_liosling bz 'ong S 1 | rky o
50 oVTDW g.-- r3, dastoaw Comuert ©_'gating o word Tt tsw aaw
A5 C'-«"T':E g i, dsl wh : Coovgrt F_4dcasing 10 bvie R AT T
1 CUTED sra Ao, detoad Comvatt F_Yoaiing 1o ©_Foating R | oy
SQEFR CVTFG sroorf. ascwg Corwert & _flognung o 3 floating U0 ey
4, CWTEL gro. . o8 Al Conuart £ fcaong mw ro long R | 5w, eDw
q) CYTFW ararl 23hew Canvert F_floanng ta wdrd T T O rEw, aew
ABFD CVTGHE srory, dirab Coreart O _foating W Bveg TTT S 3w,
CIEFD CNTGR 2ro0g. gstat Convet G_flgdong ' S _Foating TS D rde, Fav,
4AFD CATHGL 5o rg. gt Carvest G _fganng T3 0 long B ¥ | 15, 10w
dFFD CWTEW srsng, astoww Canvert G _flaaung o o owerd " S I LT
SE CWTLD sre.rl, dsi w2 Coneed long o O fosiing R A
4z CWTLF ara.rl. dezwt wenvart lang o £ _Hoatng S
AEFD CWTLG arc.d. dstwg Conwved lomg o O Cloating B N 1
= CWTWD G, agtoard Convert word 83 D _clggting S
440 CNTWF Sroorwr, det o Canver word o F_flaanng A I |
oD DWTWE src.ra, ashoag Canser! word B G_Eh;-a-ﬂ"‘g L 1 |
G2  CWTADL srond. datisl Canver rounged O hoacng 1o long Rt mEw o
ud CWTREL =re it dst e Canver: roumzed & fo2nng ooong T a rsv. oow
480 SWTRAL sroceg. astwt Conver: roumted G Poacng e lorg B “Ei, Oy
56 JivGE afeesd Zuo.mag Chyida O _Hoanng 3-agerandg B I gy, ey Faw, ddes
a7 TES Jdowtrd, Jiwdord, guo, g Cevide O Hoanag 3-ameranc TN D rmw tav v, et
48 JWFZE dierorh, quag.mié Cevida & boalr] 2-cperand T 22 raw 'mv hae, Sdvs
AT SHFT diveeof, divdod. guc.est Cryvade £ hoak~3 J-operand T D rEw, ey bk, fdvr
16FC  DNWEE e g, Que. g Cwege G _floanng 2-coerana T DT sy, ey Ry, gz
ATFD DWEE e divdrg, gun wg Crvega G rlcanng 2-coerana S T LT T
i EMO0D Mg rd, mulr rz, Mol e, Eatendea moadulus T _Loatng v e e, S Fov, o
[ RN Pl ST, |
BE-3

o o o o e o s oy o e (S ® % [ ol (L (T iy s e e o e s n ot o] ST i 0 s ol T i P S



PNETAOCTION SET STRMARY

Mtassmane: & Arguments Dagcaplign M2V Exeentiong
EMGIDFE g F moirsro. muld.ef Exizndsd Fadulud = _dgating R = sy, lew, duw v
157 vad. AT vl .

SWO0G mulr rg, meitrw, Mgy, EAEN0Ed mo0uus G fladieg L+ T Lo S I PO
mwl ITEITag . )

YIWESD are rd, dalwd . Mpep nagaked O koatng T 0 rzw

MEGE Gro.ris 397 gl Mowe negalzd F_tashng LT o orew

MIMEZGE 37 ra S8es YMoye nagsated 3 Foarng ST d 19w

WMOWD Bro oo dalwd tove G _fioarrng oo rey

VOIS grg ot didowf Moue F_faang . . . rgu

WOUG sre.mg 251 wg © o Muove 3_hoanng C TS

MULS2 mair g, perod.md Multiply O _Roarting Z.cparang L rew . Fouw, fay
BALLEY e rg. muid.od. progwd Muluply 0 _Hoating 1-cparana. - 2. howl
MZLFZ mydr rf prge s Multply & _Foatng £oserand LT rey Fow, e
MULFS malr ri reold 7 oorogoad Mulbply FFoatng 3-2oerana "o r3y Faw, 'Lw
“WiGLGE eulrrd. Droe.mg rltply G flaanung 2-oper&asa T riw P, e
MIULGE mulreg. mwid.bg. frod ag Rfultply @ _rloating J-pperssd - "o i, B, e

rgw, Fhw, oty
ray, Boy, Ty

BLLYD araard, gegrad ree table ak Eralusle pooygmial O Boating - .
SELYE asgort deorga rol 13600 2B . E'-E_ﬁ'l..._’,l.:li F yrarmial F_ﬁ:a[l-ng T

'
LN e N T O T e R Y T T e e e R S o A N o O o e O e e

| sl R R I ok T T T Nl - R o Tk o A e

OLYE argrf, dedrae.ra, Sbleak Eviduse powromial G _floaing T 5y, bow. ruw
50802 =wnrd. dif mg Suadrac; @ cabsg 2-operend o raw. dey. duw
SUaD3 sxbrd. mennr, ddowd Sutract G dcetrg J-o02cand T a2, fuw
SUEF2 sghoef, atmt Sumirac: F_Ylcapmg 2-oparend o 23, B, duw
EUEF] =anct, Tescf, adowr "Suclracs F_Ylcanny 3-upetand T siw Tow, fuw
2YRG2 subrs xbmg Dubiracy 5 _loakng Z-oprand - 0 T R Y
SLUBGY 2uirng, Tueleg. dir g Suizltag: 3 _FRakag Socgrang - e Py, Uy
THTR 5408 . ' Ty D_'i.-:wlh.l:n:q . T N

TETF g, of Tegt F_'leating -t N

TETG sro.rg Tews 4 _Foarng, - oy




INSTRUCTION SET SUMMARY

8.4 ZEMULATED [METRUCTION WITH MICACCODE ASEIST SUMMARY

-

The Microvax 8032 IPU provides microcode assis:s

Theze (nsbtruictlons oy sysiem zofbware.

QF  Btnemonic & ARGUTHERiS Dascriplion

20 AJDFD add én e, dodaddr,a, 44d packed d-co3ranc
surlan.s, sumader sb

21 AQDPE adgtlen.w. 2ddlacdr.ab. Acd sacked E-apgrana
adddlan,~, addiacdr.ab.
sumlen re. sumadar.ap

Fd  ASHF cnurb. arcles sw. secaddr gk, Artmetc smit are cauta packsd
raund.re. dsdas, e, dEraddr sh

o SMPDS lererw, srolacdr ah., Domeass ctaracier J-goerand
SfC 27 ab

I OMPCS srottanrw, s taddreo. Sameare SERrAcker S-operans
i £, srcflan e arcEador.zh

I CMPPE |ennw. srotaddrak. Campare packsd 3operand
SrLiacsr. 5o

A7 CMPRA grglianrw. srcladds an ComOEre Tackan J-cowrded
sroaten ry, srocaddr sk

08 B0 iolzb. wnleresl sl oo Caculate ayelic resundarcy check
aCreaEr. Al :

F3  OWTLP dresl, dstlan.ca. dsiadsr an Comugrt iBAg ‘0 packed

I QVTPL arelen.ra. arcador a0, dunw Cotuarl Sachad 10 long

28 OWTES groienarw. sroadd: 2o WOT SR SafHel i 2ading dagarais
2gkgn.ra. dsraddr. sm

cAa CVTER spoienow, scaddr., Comeat is2ding separald 1o cacked

i dafan, ~w. daladdr.an

4 ONTET mrcles e, sroaddr ab. Carel packed 3 kahng
thladdr ak, dslles. v, dstagar ab

29 JNTTP srolen .. sroaddr.ao. Canvart packad ta IF2lng
rolagdr ab. dsilar.ne. dstadci.ab

A7 CIvP dwnen.rw, deeraade.ak, Dade packaa’
divdlap f  Judtef.re. Sudadsr ah

33 EDTPC srcenrw. srcdddrao, Eau packsd o craragiy snng
paner. &, 1sEdar. ab

A LOQCD e=arrh, lep rw. zddr.ae Lacate = xrac!ss

33 MATCHO objien.rs. obiaedr.ah, Mateh charac:ers
srelan .y, srcaddr.ah

B4 MAOWE e, drcandr ab detaddr- ab Mows pacser

2E MOVTC srcign.rw, sresodr.an. Yirh, Mowe ramgiated cSAFACIRS
1bladdr. ah, Sstan.ry gstesdr.an

2F  MOWTUC srclamcw, srzacdr.ab. escob. Wowe ranslargd until characer
ieladdr.aiy. dsHen.rw. ostagdr.a

25 MUGLP muirlen s, mulracssr ab. Myhpdy pazwec
muld:en . Moldaadr.ag. pradlecs. tw,
crodeddr ab

Sd 0 SCAMNC lanew. addr.an. chlassr ak [o3n Cor sparaciar
a5k D

B [P charrn. ten.rw. ®adr ab Swic charagier

o e  — g, 8, R S LY, LN, AR R N [ m— e S (W R s e mm— Ry NN 8 S e R S R R R L R

arnca for -ha

a

[

R RIr——_—

arylarion of
2 vc Exgapiigna
R & ISy, Jdow
R ray. dow
"D raw, gow
"o o-
“q -
- a3
R
an
U ey dow
Tt (9. O
o v, dov
T BT L
B r5w. dow
LY 154, O
B H rdqv dge, dowz
B S

iy
noa
aa
-
B ¥ rsy . diow
LTI
LI
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23

Mogmonic & ArgUmeni

SPARD ladw, addr ab. Saddr ag,
Tad%%. 0

SUBPY sublsmrw, subadd:s. al.
ZJiflan.re. 3Fifadds ap

SUAPE aubssn.rw supadcr.zb.

TThelen . meradds st dilben. e

Jifeddr.alk |

Seseription
Hgan CPATACTE!S

Subiract pgoked s-cgesand

Subtract facwed G-cosiznd

Zaceolanz

- O v L)

=Y A gt







AODEKDIXK

CORSOLE ENTRY AMND EXIT ROUTINES

2.5 INTRODUCTION

This appendix contains an example of § conscle entry ard e@xli routire areg a
cantine for simuelidring the memory manacement process. Thess rousines arce
wribkcen in VAaX-1l Macro.

.2 CONSOLE ENTRY AND EXIT ROUTING

The followira are routizes for  encering  and exiting the conscle, Tha
conscle bypically would be antered from the restart procoss as described in
Sertinm 2.8 of htnis user's geide, Tha: consale - enbry  youtine  saves  the
vala-ile intsrnal recgisters and process state, perforos 4 gtack Iwap 17
mecBSSary, 5e8%s up EAE console stack poiazer ang calls the main soasale
rottine, Tha ronsole axit rFoutine Ls oa mivror of the entry routing and
restarss the saved state of the processcr Back to the running state,

. Bl . AL LR !H—.-—- L



= mE mE o ma

e = %"m ms

Tew er tar

AXND ZXIT RCUTINEZS

g fllest These [iles are & pars
used %o geiling Lhe or
P3L [i1elds.

SPROEF
aPELOEF

MACHGS €

TR Ly

Jracro mtpr _pic 5TZ,d5t
Toval =0z,

mLor ro,#dst

. 2ndn LIpr_oic

SMacso  mochesik Adzc

LiF Blasik Asc .
ol machine“chetkL::nt
.if fFzlza -

movab - dat,machine check cont

M =1akx

.externai machine check cont

CRrdm Tchecd

FSSVD  poRg
Dusn,  #l3,
masnal dats
sushal dsi
calls  #3,.mewory
EEtearnal pemory
CENGm CoKe

L P T L A P ————

THlb HBEgurire
F Mirp=aVME anc can ne
S=0r reglsiers and the

Dafine processor reglsters
Oafime PSL fields

simiilgtaes nemory mandjelent




CONSOLE ENTRY AND E{IT RILTINZIS

Squated Symoclis:

mE mL ma =g

sch 8 mohechk = =
gzh a writs timeoudt = " RG]
W _pariliy.srrov - =1
b bns. timeout : o= 2

-

FRS_2IER 2 38

FRS_POLE Ca. e

PRS_PLAR = ~glD

PRS PLLI = ~dllb’

FRS_SBR = ~d12

PAS " SL = ~dl3

PRS_PCHS = ~dl§

PRI SR = ~dl7

PRS_RICS = ~diz2

PASTHCS = ~d34

PR3 MCESE = ~d3isg -

PS5 BAVISP s ~331 »oMicrpWed special saved isp rag
PRS SaV DU -~ ~d42 Ty MigroVAX special saved po oreg
PRI SAVPSL = ~d4i ooy MicroVAK special saved psl rceg
FRS TCRZSET = ~43& ; Bus Initk )
SRS MATEN = 436

FELEV_CURMOD = Tddg

DELSS CURMOD « ~d2

; declare the pseccs
psect  353550bhoot . page . ;ooieln code psect for start
PFect  ischi . psge : -+ 8co L& loTaeted nere




CONECLE ENTRY AND ZEIT ROUTINES

ogecr fsohz

|r-a.

; Yonsole Program SCH.

;-
.align ' page

ECH::
Llong sch oinz BO+L ;
Llang  wmacnine soneck _de
.lang sch int 0B+l
Lilang seh ine Qe+l
' 1300 ach_in% 10«4
. 1ang sch int tdrk
.lang  reserved oosrand
.lang szh 1z lesl
. lang P

1}

scb ilar Z0+2
&

1ang o int 2de7

;

:

4 — —_ - l:
leng sch int_2G+% :
.long sch int 2c-l :
Lloag sxb int 0+l :
Jlong szb int 4.l ;
. long s2b _int_33+<1 :
. Loy szb int do-l ;
. long sCb_int_30-~1 ;
. long gch Int_44-1 ;
Llong schoant 43-1 ;
ciong sch_ipt o+l ;
L Llong 520 1kt _50=1. '
Lo arn 1nt Sd+l ;
LLlong  spbd ink 58+l :
.long  =co int Scel :
Llomng write timeouh ink
Llong sch_ing Bésl ;
.iopg  scn_iat BB+L ;
caong sch_iat be+l ;
. lang 5chniht_?ﬂ+l :
. Long sch_Ins _T4+0 :
» Lo gcb_Int_ 7o+l i
. 1ang ack _inz Tows ;
Llong  scb fnt 2O+l ;
.long 3ok tnt B4+l ;
. lang sezb tht B4+l ;
. Lang sch_int 8o+l ;
. long =2ch itk Wd-1 :
L LTng aoo inp 34-1 :
.long =choint SETL :
L Long s rpE So+l ;
CLlong scnoine aci=-1 '
LLorg schoint adTl :
Y sch_int_af+l r
200 sch ine ao+l ;
. 3ang sCo_int O+l :

§ o e el O WTE RGP PO TR e s

e mL Wi ma

£
K
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s SCE pust pe aligoed.

Crused,
o204 MCUER
5P Lrnvalig,

Powar fa:lure,
Resecved/oriv 1nstr,
HEL inmst.

; 414 Feserved opradg,
Regerwed addyr mods,
socess violation.
Mrans iowalig.

Trace peancifug.

BEET

Compatiniliey mods
Arichmaric

Unused

Unused

LHME

CHME

CHIME

CHMC

330 S1LO

CCorrected Mem Fezxd

280 Alert

S5 Faclt

7 250 Wrife Limeput .
Onised

Lnused

Unused

Jrugag

Hrused

rusad

SRUSss

L =
~NLEEC

Soiaware lewel 1,
Cofrware lewval 2,
Goitwarae laval 3.,
Soicwarse levsl a4,
Sof-ware lewel 3.
Scizwargs lewsl 3.
Scftwara lewsl 7,

Software lewsl 2.,
Sofkware lavel =,
Yoftware lLevel 0.

Enfrwara
Eoaftware Lswvel

[
B =

1
-

T e S PP G T P T e e e s s e Rl il ol i IR B e I e il B o o SO i



] =
) i
»Jdong
. lang
long
. long
long
Llong
. LOTG
- 20rg
- 00
. iong
. lang
. 1lang
Ldlong
. long
L L2ng
P long
._eng

oo ;ntib4+l
soh it _of+l
sth_int_Do+l
sch iat_c0+.
szbh_int g+l
ok inz g+l

"z int_co-l
sch inmt dd-1
“eoih intddel

sca_int_d8+l
sco_int_ do+l
sco_int_si+l
SCT_int_ed+
sch_int_ed+l
5¢b;Ln:_et*L
srbk ine E0+1
schl int f4-1

1] ead fer

cmch Lnt 8+l

sch_irt_fe+l

TE Rk WA TE T T B R = NG

CONSOLE IMTRY AND EXIT AOUTINES

FhEE sofrwars level L3,

gRa Sofzware laws:l 1.

S Softwars lfevel L35,

4o [nterval timer.

®Cd [Fredad )

#C8  EZmularion =Ztart. _

$0C Emulacion continve.

#O0 Crused

tDf Unus=ed -

#DA Jnused -

F0C dnused

$E0 £S5

#Z3 —as

HE Cha

= 58 .

FF] Conso e TUSE

#T4 Carsois TUSH

k¥FE - Conscle Tramsmiz.

§FC. . Conscle Eacelve.
C-5

e B s N L »—am —— —

A —



CONS

-t

ME A W Lp Ky WY ey T g gy =g =g =g =g "p =f Eg "o Ty g -\ A7 A WL A I WS LR WS

HETRUCTION SZT CAN ZE USED fno epuleted fastruc-ions!
Eefore tha saved wallies are moved Lo permanent mensoy.
CoNE0LE:
; SEVE
PooDo
: I5P
H 280
: HJALT CODE
r MAPFEN
: iF
F 31 ali
ol vl #ori Eavpc,saved Do } save zavad oo
mﬁpr #pT3 savisp,saved isp y save gzveaed 13D
mipr #$pri: 5a3VEp 51,;ave; US4 ; s3ve savad psl
rovedl  asaved pslel,saved heit @ move cihe saved hals oode - mappe:
Zito saved D"l+* poanc cdie It oot of tne savsd psi
Tov i 5D, tamn ; §a&ve gD, 9T 0w
AT 1F?Fd Tegs,sSp y point st end cof saved reqg stace
ousnc -1 ;o 3ave all the regs
COREY go, 47 . saved halt, #2 ; se2 Lf this i3 & RESET
Breg 55 - ;ong, 30 5P is real
mavaL ram scacd _ard+s 1074y saved faw ¢ yes, use end f our stack

0
[l

EWTRY AND EXIT ROUTINES
JEEECT GEL330boce ;o get us Ko thé right psacco

CCONSOLE

It all starts =ighet nere. :
We gqet fere on a halt condlirtizsn. The system Das Desn
Erought to & stablesKhown sZate o¥ microcode, and the
volactile svstem registers have Deen saved awavy Lo known
MicroWh¥ registers. This cocde copies the saved ragisters
=0 gu priveate scratoh RAaM. The GRR's ars saved as well,
{+ i assumed chat che IAM 15 3t 3 khown address and good,
follaows:

The processor atate is as

L T = saved oc

gavosl = fgaved as! + saved mepen +~ srrTovr gde

Savisp = "regl" 130 .

5F = sktack pointer at time gf error

PE a 2043000

oSt = 04LFIL00

gstlvl = 277 ipuacspt WESET = 11

SLar = F7? lefcept RESET = 01

iCCs = ¥7? lpxcept RESET = Q)
THhe console i3 now sntered with thae stasze of the processor
saved ta limised 1ife intsrral registers. THIS STATE (s
VAaLID FOR A LIMITED TIWE OWLY., IN PARTICULAR, MEMIRY

MANAGEMENT MUST 3E LZFT DISABLED, AND ONLY A& SIUBSET QF THE

o s e e TR T ol B Pl Tl i Rl ™ A" 1 D n e



okl

s =

e mE AT mm

mE AE oma

-
r
3

4
=

I
Ll
1
"
r

B
Set up
aew SF
moval riem stack,sp
Save
SCEB
rCBB
upiate ?5F from bDefore trap
mipr $pr5_schb,saved sckb
mipr -prs pcbh,iuued “ockb
CAPIV $0,27,saved halt, #3
oneg a%
=lrl saved ocbhib
3t bbs §26.,saved _psl,isp ol
mow . saved :ﬁbb rl
XtV #nslﬂv curmod ,
#pslSs_curmvd
zdved _psi, T2
mova i rlifr2].r1
mew i cemp, (L)
sp ok
agve
[Z2 Bit of AKCS
I2 bBic of THCS
mipr #prs rres,rl
B 1 rl,saved rxcs
fu) T #6,71,75
R+ vl APrS _THCS
a: mipr #mzy _Tacs, cl
oV - Tl,savec LECS
Ebcc #ﬁ,rl,“*
mir B, ¥pri kxcos
a1 .
IeEUD
S5C3
PO
Lrappers
ard call thoe conscle

TCheck

gzpr_pic scb,pes scob
nipr_pic ram_pch.pri _pobb
~alls #3, consals maln

- e am T mm e by er Wd =p v =k Ted =

- ed WR

e Rk R

. WnarT

COWZCLE

anown ok

3et 13 Up OR SEFTA
BEVE LSErs Soh

2ave uSers poh

see [ thiz 12 & RERET

a0, 53 PCHB is real

ves, so PCHAR is undefined,
gsat it ko 0

bEr if we were tunnirg or [5P

get pch addr kandy,
get current tode as well,
far stack awan

et addr
and cogpy
saved in

ni 5P gell
37 There - wayg
temp

geL IETm Status
and mave 1t away
clear 12 1¥f sat

disable mohstk
1.8., Achecks

set up khe ach
ser up the poh
we are 9.
L Ja

Trappet
ire fatal

ENTREY ANT EXIT RCOLTINES




CONSOLE =ZMTRY AND EXIT ROUTIMEES

oAy extarasa_ioe 3ll sme adtarsrals wo need

CEXLSITEL Eaved_g&.saued_psl,saued_isp.tam;

Lexternidl sgved reqs,saved reaqgs end

.axternal zaved pcocak,saved scbo.ram pon

.2xternal ram STscH, ram stacH enc,saved cxcs,saved txcos
cexzarngl conscle main, saved hals a -
.axternal macnine:chg:k_:ant_

e o o o o o o e o 0 o o 0 o e (Y AT T s A G [ Tt 6 e e s e oy e (Y o P ™ ol e ol B, o TR | Pl il T T



+
+

mp mg B e d

u
B

0
cd
L
i

CONS0LE EXIT

o
JL =

cods i3 @ mirror of FDHEGLE

CONSOLE ENTRY AXND IXIT ROUTINES

ané restores the

gaved srare bDack o khe runring stare.

Laniry  shnasole exit, Tmerd i
Lzpr frrEf, #pri meoEsT
mchezk S03
movwl saved isp,r2
pake saved pal, -{r2)
tstil i
bBreg 205
ooke saved oc,=-{rll
stl o ol
bneq 905
mavl £, tamn
mege saved r¥cs,Fpri_rxcs
mLpt gaverd txCE Fpri_TXos
mcheck B

" mter saved scbb, #pri_schh
mtpo zaved” _poob, #pri_ T pohi

MovAl savad” cregds end, Ep

poor #=1

maw ] Temp, 5P

boc #7,53aved _halt conscie _ra
brn nep_on

mcheck

raT

calign laas

ALEY

Bi,FErS _mapen

Mq h§ Wy % RE S4 W T-d LE B L4 BE TS LE WL TS

= e b A me Ry =g g mg by b

- ma

[ I T

TG, 6, r7,r8,r9, .5, cLl>
cimagr mashine check arror
if gmyching goes wrong, oo bacdk

gex the stack pointer

put 25L on sTack

the PEL and PC must be put on
the iicerrupt Stack, orioar o
the FEI, [f MAPEN =2 alzo gn,
then rhe . stack nust be rmappead,
angd the FEL and PC puc Saczk oan
the mapped s3tack...The HoHe
racro =glls & routine that
handies the problems of
dealing with the mapped stack
any errors?

YB3, hack wz go

out T on stack

ANy @rrars’t

ves, back we go

gave SLaEo

restore terminal scatus ([E
restore termiasal stabus ¢F
Zisable mchech trapper

sat up the sch

sat up Ehe pch

poing at stert oi saved rag
spacs

regtzore aAll the registers
rag-ore saved sp co so

7 LI svs poat mapped, ZRip
mapp;ng

Focro long word alignaed map
Larn o,

dizgble moheck coapper
LE we fail, go back o user,

Mapaing 18 turaed orn



CONSCLE ENTRY AND ZXIT ROUTINES

g o=

CONE0OLE AET 2. .
Fat ;oand nark o user
=17

= o e o e o e . o . s b i B 8 e - 1 - 2m o s e s e e . s Y A S Y —-
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CONSGOLE ZHNTRY AND EXIT RQUTIHES

extarnalize all the sxzerials <@ neec

exbernal ;a?ed'pc.sa"eh pal,saved_ Lup
LEXEArNEL Saved reqs. saved _TBEGE anRd
.eiternal saved pobb.saved s:o pr\Gm PO
.external ram stach,aafed Cics, daved txes

- B B B .8 — T 8 2 - B B —c 3 8 o B e o S o sl o -t el s o 3

o ol ol oY Gl " AP B P s i I Y T BT



CONSOLE ENTRY AHL EXIT BOUTINES

L my =y ‘myg =g Emy ‘my myg =y =@ =@ "p Wy wE wAF

o]

machine check dezect

functicnal descripticon:

Thisz semquenze ig the arrer crapper. Thiz sequence Tuns wier a
maciiie chegh ccdurs. If pechine_check_cont 15 nmon O oohe resson
fap <he mackire check is moved =o 20 anc cken an BRI to the
machine -heck cent address is executed. 1§ sachine cheeck _oonbt
iz 2 the trap is handlsg as an ungxpected =cb :Nteccup:o.

¥t =t

Tmachine checlk stack _ )
machine ~heck cont: = mddress i The coantiasuatlan cods o

OGEDULS;

vl = machrira chagd code

.align Lorg

gcnire chnech ZSecect:

mEnr goxii.dprS moesr r CclesEr machine check e-rar
tstl machine ch2ck cort 7 ckange retirn PCT
oegl unfis.ded schb_ int roanekpected apror 1F ae
- ;o cortinue addr
ey 1 1lspd, ; -0&d reasocno
add i lep i+, S0 ; DOp ETAIR
W L machine_check <cant,isgpl) ; aciually changs returr 2C
el A=t o A 1=

]
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-+
Wrilte timecut
reservas coerand

fuperional dezcription:

quEnig

CONSGLE ENTAY AND EXIT ACUTIHES

;
r
r
r
H
r This ze ~uns whes 2 wreite timecut & raas eﬂ operant Qocours,
v :
;oAnpuEs:
h .
i EC/PSL are on the stask _
: mazhing check =cnt + gddress no continue 3t oc 0
h
rooutputss
L]
r -
i v = error zode
T
.2lign lang

write rimesut_ing:
regerved_operand int:

MO machine_checx cont,i{spl ;reset PC .

begl unfielded sch_int runexpected erver if no

tcantinue adgr
mowv i #u pus.Timeout, ;52 code
ra: rdoneg
C-2%
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CONSOLE THMTEY AND ZEIT HOUTINES

+
+

unfieldaed sob ins
functional descripkion:

Thiz routine is eXecua: :f an unwantad 5CB intercupt ogcurs during
Eocting. System is Raltad.

IRpuTS:

SC2 interrupt stack

I3

g
o
S
< fu
—
E1 E1 L%
T h bR
b=t = 40t
e 1]

Fo
fu 3
ri [ b
=5

H
I

1
i

MA T Y e M IR WA WA We ep mp mm Ry omm e mm AN mE

TR FT TN WU m o T e e o s 8t o £ o ] ] ) ]l PuTE Pl e e mimmme sl o o e 3 e o B B S 8 e o §



.aiign long
b

sch Int 20: mov L Boxd,. 0
Erw unfiglded_scbh_inc
.alian long T
sch_Int O4; aovl L F7xd, o0
o uhfrelded szh int
Lalign long
scbk itar 03: Tovi Foad, o0
Erw oniielded _scb_.int
s@L2g0 Long
sch_int _Dc: 1 Fa L Frac, Tl
Erw cifielded scb :int
.aligr Long
sck_1at 10: ooy L Frul0, v
brw vafieides? szb inz
.align lens B
sch int 14 moyl porli, el
brw unfielded sc¢bh [at
.&lign leng
sch ine 18« i b $ xld,r .
Drw dnfielded sctr ia
.align lecag -7
sch_int 1o mevl g xlc,rd
hrw unfielded scb ine
alilgn lang
seh_Lnt 203 mowl #rxil,
oW anfielded seh_inc

.align long

sch_int _24; mevl ¢ xid,rd
o unfislded scb inr
.align lang .
ATl L0t _d5: mavl $ 218,10
bW unfielded sch int
.dlilgn long
sob_int_2o: mowl goule, 0
br unfielded sch ine

.align lang

sch_inn 30 mavl . $txlld,r0
brw unfieldeﬂ_s:b_in
.diign long
sch_int I4: movl #eald, ro
Erw unfialded sch in
.alicn lorg - -
scbh_ine 38: Myl #oriq,ro
brw rfieidepd ach o1
.@lign long -7
sCh_ink 3c: fow 2 CFtulz, oo
bew Cumfiaided =ebh oin

.align long

COMBOLE ENTAY AND IXIT ROUTIMES



CCHMESOLE ENTRY AMD SXIT

szb o irnt 14
ach Lmb_48:
g2k Int 4o
sl 1ot 53t

sch_int Bé

scn 1nt 58

sck 1nz YA

ack_int 74

+

i En R
crw
.a-ign
mcwvl
orw
.align
mowr -
bW
-align
Gl
T

LAlign
mow 1
orw
.align
iy L
)
LAlign
mow L
Lrw
.alian
mow 1

brw

.a.ign
mowrl
DT
LAI1g7
ol

f Lo P
Lalign
ooV L
kst
.align
o o
Brw

LELlgn
mavl
brw
.align
mow L
i
yalign
ol

DT

AQUTIHES

gkl -0

unfielﬂedmzch_inc

—ong
F xll, D

unfislded 3o int

jong
#exld . 0

unflelded sch ing

lang
Eoglic, el

unfielded sch inz

lang
Frell, i

wifielded scb

lanag
R

F—
hee -

unfielded scb int

long
i xle, el

wnfielded scb i

lorng
Foxle,r

rt

unfieided_sco_int

wlyts
Foxid, 0

anflelded scb int

unfilelded_scb_iaxz

imag
¥ruld,.ri
lang
o418, rd
leng
gowle, =0
unfieide
LOng
Foxll, o

urfiglided scbh int

larg
g7l , p0

unfielded_sckb_ias

lang

$°ul8, ri

anfieldes =szk

Leng
g xlo, Tl

unfielced sch int

LarG
F7xLd,r0

e
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sch iak 24

zob int ad:

sch ias_ac:

n
n
i

§
s
o

II’"
[n3
Jia

sZb_int_Dor
=2C5 1nzT gl

unizelded schb_inc
lang

#~xld, cC
‘unfielded sch_int
long

goxld, Tl

unfielded sch_int
Lang

goglic, cd .
"unfieldad sck int

leng
CF a0, el
unfierded ach Iint
-ang

$raid, el
unfielded sch int
long

#xlB, e .
unfiaelded scb inz
Long

$7ulc, Tl .
unfielded_sch_int

lang

LR
unfielided_s=zk_ins
long

Arxld, T _
crflelded scb_int
long

#oxif, rd
unfielded scbh_int
long

Boxle, o0 .
unfiglded scb Int

iong

#oxll, el
unfielded_scb_int
lang

t-xld, D
unfielded scb_int
Long

§oulE, r0

nnfieldad _sco_int
e

grulc, v
nfielded z2cb int

==
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CORNSZLE ZNTRY AND EXIT RCUTIMNE

LAbign lang

sob ian od: mavl Frald, rd
Erw unfralded scb i1ae
.align lorg
sch_iac =g: mla koY F %18, 10
brw uwnfielded scbh int
calign long -
sCh_int_cot ity L g xle, ol
hrw dnfielded scbh int
.align long
scbh Int_diés mow L L A
arw unfieldsed 529 inc
.dilign loang -
sch iag da: MoVl #rxl4, rd
brw aniielded sco inkg
.alizcn lang -
ack ine di: agvi Foaid, il

bew vrfislded sch int
Lalign _ordg

sob_int_do: mav L Frxic, 0
Brw anfielded =ch irt
«slign long
g int_=0: mov L - xld, o
brw anfieléed scb int
.&lign leng -
stk int ed; Tov oxld, =0
orw anfieided =ck int
.2lign long -7
scbinz ed: mew 1 $x18 .13
Drw cunfielded 52k inz
.align long
sk _int =g Mo L fmmlz, vl
ord unfieldes sch_ins
+align iang
acb_inz_f0: My L $hxll el
ko unfislded szh inzg
Lalign long - -
5o Lnn £ mevl irxli, ol
B bru unfialded ach inc
.azign long
3ch_iae E8: ool Foxii,rd
teldad s2h oins

sch ink £t Mol Foxir. e
Erw uRitsldad sco int

T e o s o 0 ] [ ] D W R P ECE T 0 e P T 0 e e DT | ok oo e e 3 o 2 o s o



.TITLE Z200THAM

+
.'.

Abvstcact s

ROM code,

Ervitonmeant:

Sm wmm =p rm Wh Ef Ry N Ha SE R/ va WE =R w4

3
]

.F5EIChL

Align
ram_starte:
ram_pcbhi:

Mode=Ffarnel

BOOTRAM. .provides inicial setun of
Space 1 FAM

EXITRAM, WRT, PAGE

page

oLkl

mechin&fche:h':ﬂnt::

]
-k

LAl
EE?Ed*TKﬂE:
5aveﬂ_txc5:
saw&d“nalt:
saved isp::
saved acib:
saved ncbhe
Eaved:reg$_end:

Y}

LE L L

saved po!
sdved DS.
tErp:t

Saved regel:
) :
:

ram stackx and;s s

LAl Stacki:

TAm =nd:;
Lend

Loikl

lang
c2zkl
.olkl
.olkl
.olkl
-alkl
LDkl

-

128

— — =~

-2
K i)

g Bt et

f
[
1]

-

rpraocass conittel bBleck for rom code

Sane
gite

= ‘ra

Save
SaY e
Fave
sawvea
sSave
S4ve

Mm@ Wk e T oua

4y
S4ave

=y UE AE g

T enp

AAVE

CONSOL

8

- MizroVar B00T RAM

soracsh

This sogquence defines the scratch arsa 1n XAM ysad hy the
This seguetce ygez predllocated space in RAM,
dlternpative i=2 o 2esrch for known good RAM and define iz
35 the scratch dre far ROM.

a0

ains o o adde o xfer =a
F 3 maching chathk

racs 1% Bit kere

kxcs IZ Dit here

sazted halt codesm3pen nere
Zaited isp nere ’

aonh nere

Lok herg-

GPR'z a=arting here-
salted po here
salted psl here
szrateh cell for SP

Etark o 45 whila-in ron code

i
1

1

wk

ENTRY AND =XIT ROULTINEZS



CONSOLE ENTRY AND EXIT ROUTINES

C.: MEMOEY MaNAGEMENT SIMULATION
When meTory maragament 15 o 9e snabled wnen exi<ing from the fConsale, tae
envirormsnt  that the corzele gxits 49 must bave & validly mapped Lnterrupt
stack wich at least to spare lorgwords at tag  booiar THass  rFopkines
simu’ate read/writes to phydizal pemory with Memacy aangdemenk on or off.
Thesa roucines aee =allzd Dy the pode 1aAZrs In £he Censole 8xift routing.
LTITLE Erample of HMicroavaX Meneosy Mancoemen:s Sipelasign
; - s L]
roinclude fiies:
; SPTEDEF ; Cefinpe TE fields
' SVERDEF ; Define virtuwal addre=s fields
H FoRDEF : Define processor registers
H FPELDEP r Deiine PEL Iields
: HMACACS !
r
.macro mchack dst
«2F Blank dst
cirl machine check zoas
Lf Taize
mowvab d4dst,machine checix cCons
L2ndC
.extarnal macnine check zont
L2ndm acheck
SmAZES puskh mehesk
movl Machire checm conz,-lapt
sxtaernal machl ne_ check _zant
.e.nm pushk _ mcheg
ymazre  pop ncaeck
zovl Laa1~,mach1ﬁu cne*h _cont

.external machine ~heack ﬂan-

Leném  pop_moheck

r
I



a
r
a
E

-

[
4

= mE Tam

Iguates Sympols:

SUCCEsS =0
Errua¢:_¢iﬂ = Z9cC
err_sad_adir = ikl
BFT LlEn Wio = 1C3
BEY_STENS NV = 104
BrrC_AXm’ m 1053
PR _PLOR = ~d3n
PRE_POLA w3
DRE Plag w 413
ony PILRE = ~dlil
PR3 53R = ~dlz
PR SLR = ~dl3
DSLEY CURMGE a 324

PELES CURMCD = ~&2

decidre Thne pse=ts

LpSacs

fmemman , page

ALOMEOLE

ENTRY AND

EXIT ROUTINZS

Main rode psect far rmemacy

Mmanagement




CONBOLE ENTAY AND EXIT 20UTINES
.p3sac SEEmMmAn Pooet Us 1o The fIlgnt paect
HE
s TRICBZ=
: argumenrts sre
: g2 Virtual acddress
: B3 Zhysical address
H frd "owlrx ReadsWeire indicarcr (0 = read, 1 o= writs)
H This routine trarslacez a vitvtezl addresses -2 a paysiecal
H address, [f wrize incert, and MADPEN, thern alss sakz the M bit
: in PTE,
;
: returned argement: ars
: LA Snoodangeds
H B! Zhysical eddress fiiled 1n}
: Be unzhangead
: Feturn Status
: SuCress a 0
: Brr_acs vio = 1
H err ilen wio = Z
; 8rr_trars_nv = 3
;
:__
aAntry probe, "m<R2>
nowl vE.T : get Vaddr
apw i Th.rz ; gET guails
@bz $i0,72.rl.rd poget PI/PLAS0AEY digpaszh
casebh | o0 #C, 42 ;a0 to corcect length checdaer
43 : L WOrG 1cz-23 |
OGS cLF-Ez = =3
LW JRE~53 ;81
v i Ferr acc vwia, =% ;oAssume fai_ure
kra ats - ;7 arrs
L0E: <alis #2,qet_pd Vaddr : mam a ol addr
brio 40% : join Ccommch
203 calls  #l.ger_pl vaddr r map a pioadér
ari +715 podocin oo
305 calls #3,get_sys VYaddr : Map a sys adér
405 Tovl r:z,r3 roTaturn paddr
re:
C-22



CONSGLE ENTRY AND IRIT ROUTINES

¥ :
7 GRT_8V5 VADOR
i arjuments are

i Yirtual scdress )
: - ¥ <l> PeadsWrize ndicator (0 = read, [ o= wriced
; TeLurna )
: R = sfatus ¢ 0 = sueress, aisp eyl
: Rl = physical agddress 1] success
;
+ rega ars used in rhis routine as foliows
r
s B3 = BOFF ‘byte zifset within - pagei
; Fd = VPN - dwirtual page numper, or VPN * 4, or PTE Addeo}
; RE = scratch
v
P
.&nery GET_SYS_YADDR, "m<R3, AL, Ae=
Mmool Ferr_acc_via,rd : asszune failure
FUSh_mchecH
Teheck 205 S ; aay problem 1s an access

violatiom

—a

r Birse ges the bByta offset and VYEM
axEzv #0 . f2..rl,ri
BAT IV #9.,#2l. . rl.rd

r mheck pags range o

offset within cage
page number

s =a

mfpr #prE_slr,rE rogat leagth {1n ptesd
kil W ol Sl 7 iz pte in the table?
Dgegu Z0% ; o 80 efror
ragl §2.r4,rd ; now iz offzer to pre in table
miar #pri_sbr,Th ; get sor base address
adgl Th, % 7 got the pta address
ol ird), ré . ;oard the rta
bala -1 20% : ;e 1f walld bit not ses.
Falaled $1.r2.1405% ;s do we have Wriee inten:?
nigl Bl ZG, ird ; ves, 387 Lhe Mediiied Ditk
P B 2XTEV 70,871, 76,13 : get <@%:9> aof physical address
ool £9,,rl,rcl ;o now is 1h olacs
Bisl ri,rl . poand LS CcaSrect pnysica.
;7 acdrass
zirl r0 ; &algnal sucCess
el pop_mchesk :
Fat

[

L B Lo o e e - e 2 e e e o e o e e e i o e e o . o e e . 18 . e S - 8 . 5. T - 8 . e o e o e B e = 15 o 2 e . o - 2 - e . o e e e e . 5



COMNSOLE ZNTRY AND EXIT RCUTINES
GET 20 VADDE

Argurents ace
Rl Virtual acdress
2 =l RBead Wwri-p

—cetiiras
RO = stazus ¢ 0 = SUCIESS,
Rl = pAvysica: sddresa 1

WME ML WE L 4y e ML WA L@ T4 T4 TIE TIE TIE WaE T

indicator

(o =

L]
i
T
m

redm, o= W

else erv!
I suczess .

regs are used in this routine 25 follows
Rl = 3OFT [hgte offzel within page!
Rl = WFPN Iwirnual pace number, ar YBEM * 4, ar PTEr&ddrr
A = screLch
antpey GET PC_VAGDA, "moR3, B4, RG>
i Ca ko derT ass wio, il roassume failure
tush meheck
mohgca 203 ;oany propleam is an accCessE -
P vioLation
v first get ecke pyee sffset and VEH
BEXLEY #0 49, -1, r offzet within page
BALZV #9, ,%#2..,rx,r< DopaAZe number
7 checd page fange
mipt #prE#pﬂlr,r : zet leag-a [1a ptes)
ST rd,Th ;1% #te It tie table?
bgequ 215 i NG 30 arTar
renl 2, rd,. e i rnow i3 ofizet to pre in takle
afor #ori _oplbr, =6 pogerl plor hase addreass
addZ v, rd ; Cot the pte address
» Tow Transiate the system victual pte acdr to physical
o L vz, -lEpi 1ozave 2
=irl -F 7 OBAY O wWring acIess
carls #0.get sys vaddr : transiate the pte address
mowl ispi+s,re : rzstorce r2
kgl =0 ; did le trarslaze?
oneg 0s ; o, returT errar
moer] =1.,.r4 ; obysical address 2 Dd peEs
Toorl frdl,ra r ang the pre
lal ey i03 »oor i1f walid nit non s=st,
oo #1,72,19%2 2o owe Mave wpElte inktent?
o1zl Flidb., (3 rovy2s, set The Madified kit
1iF: agtEy S0,87L., 6,1 rozet <i9:9F oi ony addr
varl 89, ,ri,r1 Pondw is I place
cist T3, -1 ;o ard iz correat physizal
; andrsss

it = R T R e T L P AL e, L

|
!

bk

il

e e T R i sl T T R T

T PR T | T T B L T R P e TR PR Far



k)

]
a

cird £ i r slgnal
pop miohack

retc

I
1
()]
L
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CONSCLE EBHTRY ANT ZETT RQUTINES

;+

; GET Pl VaALER

i argumencs are

- Rl Virtual address

: B2 21> Epad/wWrite indicazoar (9 = -ead, 1| = woite!
: returns -

; RO = sratus [ 0 = success. elsz arc)

H 2l = pnvsical address f success

F

; recs are ugec¢ in this routine as follows

H

: 31 = BOFF (bvte offzet within pagel

: 34 = ¥YEN  (wirrusl page number, cor VEN ¢ 4, or PTE Acdr!
P 2B < szcTatch

.

L

.entry GET Pl VARDR, “m<R3, R4 RG>

mow L Eerr a-h _¥:a,rd r aszume failure
DUST moagck
- Y

moheck 21 ny prchiem i35 an acoess

a
viglation

s ar

v first get Ehe ovie cfizet and VBN
axkzv #d, 83,01, 1
BXLEY FS..Fdl,,cl, s

s zhezh page rasge

affget witain page
cage numker

=2 Ta

afps Fpriy plle, s ¢ get lengta (in poes)

cmpl ol G : 1s pte in rthe tahlie?

klas Ls 7oAG B3 2roror

ratl Fe.rd, 74 ; now 12 gfizer o pre in tabie
migr ¥pri _ploeo,ra P gert pibr Dase address

eddl b, =4 { gor the pts asdirgss

; naw translate the system victual pre addr tc physicel

nowl re, lsg! rozave =2
cirl T2 f BAY O Wriie ATCESSE
calls $0,zet _svs vaddr : *ranslate Tne ore acdres:z
mawl L5a1v.rc ! TESTOTE o2
tg=l el podid it t-anslate?
nnes £035 ; oo, cekarn errar
Tovl ri.r4 : physical address of pi pts
TV irdl,.ch v oand the mte
ageg 203 : kv if valid hin not set.
nhs B1,02,103% v dg we nave wrilks intent?
a-sl gicla.,ircd) : yes, sat the Modifilad ot
0% ax-2y #1821, ,.r2,r1 roger <23:%x of physical address
=orl g3, .cl, i ; ow {5 Ln plage
bisl ol A it s and 15 saorrect physical addrezs
clel v roSIGRAI SUNCess
) pop meneglk
rat
C-28

B



CONSOLE ENTRY AND EXIT ACGUTINZS

]

eYits
smetus fode to SO

HE W4 W omw

cara: cirl 1] ForELAR SUCDESS

HCco Tlo:

mawl $err acc wig,rl : fAllyre return 00
ret -

mEMT . . - )
mov L gerr_num,ri ; fallurs zeturn ecr
TEL

1
!
Pl

-l
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TONSTLE

ENTRY ANT

EXIT

ITUTINES

;-—J-
; MEMORY
H AICERERTS are
; atag) PavsicalsVirsnal a2fdress
H Giap) Address of Jara o read/write
H iZtag
; <G Physilzalsvirteal (3 = pavaical, 1 = wizs
; T Fead/Write indicater {] = rmead, 1 = wpri
; “ai1i¥ Ddta rength
. 1 = arr
' - = oyze
- 2 = word
: I = gare
; i = lang
r
: This routing does not really &5 ezl i sels, it is only o an
H tateriace to the real Eemory a3cSCceSs routine, EMEMORY,
: The BMIMORY rout:re does shysicaisvirsual I9 te memory [(bEoth
: read and wriro!, -
;. :
; recurned arguments aprs
B 1lapi un< hanged
: Slap; Daza raas or wribties,
: l2lap: unckanged
H raturn Starius
. SUCCESS = [
H Brr gzo wio 1
: e
:-l.l._
.entry  memary, “m<Ri,31,R4,R5%
maw 1 dlapt,ré : ger Adde
maovl dlap:, =5 P 3et ara in tass we waa:t ta
! write
mopar L lilagh,rd roget guals
calls #0, rmemory ponow Ja do the raal weork
ooy #l,rd, 103 : if write, rg need *a writse
;o oaclk Jdata
meass L ri,Z8lap: ;7 oratyurn Gata
- ret

U

e e e e e e e e e g e . e o e s e



CONSOLE SNTRY AND EXIT SCUTIHES

st

- AMEMCRY

; Arguments are

1 a2 Physical/virtual eddress

; HE Daze ke readswrize

; A4 .

: <i® mvaical/virzual {0 = phnvsical, 1 = wiro!
cl» - BEead/wWrite indicatar (0 » resd, . = write}
tii2®  Dawa lsngth

G = err
1 = byte
i = word
3 ¥ 8rr
+ = lang

Thig roztire does paysicalsvirtaal IO ko memary. [both read
and wrire) ' ’

returnad arguments ars

Rz vrshanged
E& Data casd or gerittan,
R councnahged
reTLrn Starus in B -
SUCCESS - = ?
BIC _&acCcC _¥i1d = 1

ma =§ mE TMEF My T3 TE "E A - EWE AW =r =r Ty "=a =y =y =y "=a

register usage while irn this routing, ...
rd = szétus or SCRATCH
r2 = original vwirtual add-ess
#3 = Physical address to pass S0 menic or SCRATCH

4 = {ual foriginal or temporary!)
3 @ dgta to.resd or write
th = DL fcr total asoess

r7 = DL for page J
rd data accumulator
=49 original =5

WL Ld w4 TTE TVE TME UL WA EE AE IE ME

LROLEY  rmemery, tmeR1, A3 ,R4,RE,R7,RE,RI>

a7 L rz,.rd
moy L r,ti ' aszule wWe want shyio
Elb= ct, 31 : all ok if doing ohvic
i2%: b 10% ;o br 1f phyic
ED- - elalu 7. .24aved _haic,3E3 : 1f mapea afif, ¥V iz 2, ak oo,

»owe are deing a wirtual 10, see [E we span 2 page Loundacy

oE At Bl #Y. ., rd,.ri
aMTZV Fi. 81,174,168
desl =1

adale a2l

get low 9 bits of address
daza Length

e b mg R
g fiul

m

+

M
I
rJ
X%

LA S R il " ST R P e S— ot e 5 2 . e e . e . . e e 3 o 1 e e R 8 %




CONSOLE EMTRY AND EXIT RCUTINES
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r7 . #2.83,14

§0  rmemosy
3,07, 13
Fi,§¥3d0.13
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£53
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brarcn to address trarsiation

a page soundarsy
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FRCOnG pAgGe-L

ngw iS5 COYTECI
see 1f aczess 1s legal to
ficss page

any errors’?
¥es, rebursn the error
noWw Dolnn o (&3t bvts

see i access 1s legal to
last page

put ke first Vio acddr tack
any er=ors?

yes, return Ele 2rrar

2 spiit the Vio up ingo 2
get DL for part -1

set up gual for the access
pege I

row ecursz ta do page one's
Vie

any arrars’i

yes, return rhe arrov

save the partiszl data

get DL far pact 1 agair

point o firse byes of part 2
gek nompe= 2f bits in par: L
rumper of bics oo lefs shift
data :

ri 1= now cdata for part 2
sat up gqual fer the ascess
page 2

now recurse bo Jdo page two's
Yio

number of bits tn pars 2

new number ot bigs to shift by
shiff part twa ko whare 1t
eelapgs ard set in the Zow
oytes

WE pTa :'u:-r'.e JFte )

& simple Vio, do orobke

any errors?s

‘_;1_"F.""_-'|_. cazure Ei.'le s2rcarc
zlee now have phyico tz 4o
20 TaLwi orharounsh and dc .
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COMSOLT ENTRY AND EXIT ROUTIKES

MEMIC
al'l:I__"l.!'.'I'lE.'I L% are
R Zhyvsicsl addracss
Ry 1> Read/Write Indicatecr (3 = resd, 1 = write)
ok HL Da-a lLengt!
r i= zrrv
I = byse
2 = WO
3 = ward-byrte .
. + = lang
AE  Data

This routine dees the actual reads/wri<e to physical ey

FEELINS
g0 status | U = success, alse erw)
gl = rchanged
f4 = Urizhanged
AE = Daza I success

ME U WL L osg s =4 M4 ML TR e e am am mm mL v g e

LENLPY MEMIO, D

mcheck nxm PoBRTrOE i® nxwm
Ll AT Fd. 83, rd, =1 ; get daza lengih
bhkc #l,04,1003 ¢ dizparch to read szrvice
Caseh CI 0, Ed £ 3t to forrecst writer
3% Lward I03-93% ¢ oarppe
Cwa T 103-93 r wriceB
Cwmrd Z035-33% PowWrireW
Lo G522 ] writaW+w=jireR
LTword +03-353 rowritel
brw asc vio P e
(e HavD EZ,ird) fowricse 1t out
herw done
225 TowW ra.ir3 ; write it ours
Drw Anne
05 pushl &
pushl 3
I o rs,irdl+ ;o write our first py-e
motl #-8, ,r5,r2 ; skift the data Ior nex: pars:
WIS ra, [ri: }oWriTe LT oot
ponl ri
pool T3
D Joae
108 mesrl rs, il powrire i: aut
ory dones
c-:2
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Ao cas=shb rl, 3G, 43 :
LOGn yword 1305-10%9% H
Swiord 1i05%-10%95 H
SWoTd 120&8=10%5 :
Luard 1i05=10%3% ;
Lword 1408=1038 :
b achvin :
13-4 mowzbl  (r3),.rS :
brw done
L20F: mavEIwl (i) rS
brw dons
TACE. pushl i
MevEwl  (ri]l+,rd :
mowzhl  ir3l,r3
roel Fla.,r3, el
Eisi ri, rg
popl rl
Erw dnne
455: mavi i3}, r5 :
hrw dane
LEMD
C-13

CONSOLE

SO CD CDorrect

Sl
readE
readi

regdiW+readd

ragdl

e

‘read data

read date

read dats

cead data

AbID
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I¥0EX

Abwrty, 2-4F C
kaerpel stack not walid, 2-83
macnine check, 2-%51 :
memory reddswrilte error.
reserved operand, #-51

Absolute mode addressing, -38

Absolute gusues, 3<83 -

AC chsracteristics, A-13
CLEI timing, A-4
CPL raad, CPU write, A-5 .
DM&, A-1C
external processor

raagSrespanss .,
gxternal processor
wiite/ oomiand,
raget, A-1l4
ACEB add compare and branch bysa,
-4 '
ACBD add compare and brench
0_Eloaring, 4-127
ACBF add compare. and branch
¥ floacing, 4-127
ACHEG ackd compare and branch
G _floacing, 4-327
ﬂCHL add comparce aﬂu branch long,
-11

aﬂﬁw adéd compace and branch word,

4=-43

ADAWT add aligned word

interlocked, -8

ADDBE add obyze, 4-7

ADDD add o floating, +-LE9

AODF add F_floaring, 2-1329

ADDG add G floazing, £-L29

ADOL add lcng., 4-7

Address instTuctions, 4-13

Address strobe  {AS},. 6-3

Address translation, 2-24
P regian :

71 regian .
process space, 2-31
gystem space, 2-10

Address:ng modes, 3-3

ADDW add ward, 4-7F

ACWC add with carcy, 2-3

ARDOBLEY add cne and branch less

than ar egual, 4-15% .

AOBLES add cne and prarceh less

thar, 4-4E

2=53

b=l

Arizhmeric srape/faults, 2-48
ASHL aritimezic shift long, 4-3
ABHQ arithmazic zhifr oguad, 4-3
Aszembiler radix notaciea, 3-2
AST lewal {ASTLYL) regizter, Z-57
Asynchronous system braps {AST!,
-6’7
Autbgeirement mode addressing,
=L0
Autcincrement delerrsd mode
agdressiag, 3-13
Auts%ncrement mode addressing,
-1l

Sack bizs gernerator {VBB!, B6-Ll1

gBC branch an pit <legy, 4-49

BaCC mranch an hit clear ang
clear. 4-30

EECEI bBranck on kit clear ard

lear interlocked, 3-32

BJLS brapch ano hit clear and Zec
=30 :

B35 brancn on bit sat, 4=-i%

HdBSC branch on bit set and clear,

¢ =5

BHESS branch on bit s2t and set,
=_5 :l

HE35! brarch on bit set and sat

interlocked, 1-52

BCC branch gn carzsy clear-, 1-47

BCS braach on carrcy =zet, 4-17

BEQL branch on equal (signed),
=47

BEQLL branch or egual unsigned,
=47

ECEQ branch on greatec than or
equal (signed’, 4-47

BGEQU Ekraach on greater thabh eor
agual unsicned, 4-47

BGTR branch an-greater than
(s1gnedl, 4-27

EGTAL branch on greater than
uasigoed, 1-17

BILB bit ciear byte, 4-10

BICL Dit clear long, 4-10

BICPEW bit cledar psw, 4-72

BICW bit elear word, 2-10C

B]%2 it set byce, L-13

BISL min st long, 4-11

index-1
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LNDEX

BISPEW DIt seb psw, 4-73
BIEW biz set word, 4-11
BITE kit rest byte, 4~1%
EITL bit test long, 4-12
EITW kit test ward, 4-1z2
BLBC brancno on low bic clear,
453
BLBS bLranch on law bit zec, 3-5§
SLEQ branch on less than o egquil
igigned:, 4-47
BLEQU branch lass than or egual
unsignec, 4-4£7
ZLES pranch on less than (signed),
2-17
BLESI braénck £n less than
unsicrned, 4-37 _
BNEQ branch on not equai 1signed),
G=q7
ENEQY bhrarch on nob sgual
unaigred, 4-17
BFT bBreakpoini fauglt, 4-74
Branch addreszsing, 3-44
BRS branch wikn oyte displacement,
§-53
BEW hrg;cb with word displacement,
4
EE3E branch te subroucine with
bhyte displacemsnt, 1-%T§ .
BSOW Lranch to subroutine wigh
word displacement, 4-54
Bus coftrel signala, 6-3
Bus cysles, 5-3
CPU read,  5- 3
cey wrike, 5-
OMA, 5=3
interTupt '_dﬂﬂwLﬂdqe E-7
Fus arror hardlins, T-%
IVC branch or averIlow clear,
i-47 :
2¥S branch ap averfliow sag, 1=47
fv-a2 masks {BEM=i:.0+b, G-4

CALLG call procedure with general
argument list, 4-f6

CALLE call procedure wich =z2tacx
argumert list, &-44

CAESER casze byhe, 1-57

CABEL cage lorg, 1-37

CASEW case word, 4-57

Eharacte: string instructions,

-LlE
iHE tnange mode b0 axacukive,

P
T J..._

CHMX Change mode to kernel, 4-11:C

CEMS charge made to supervisor,
z—1il

CEMU chance mode 0 use>, 4-111

CLED tixing, A-3

Clock in (CLEIl, £-19

Clocw out (CLECY, B-Ld

Clogks, a«il

CLRE ciear byte, 4-13

CLRD L'E r D {loating, 4-13,
¢-:131 :
LHF rclaar F floating, $-L3,
4=131 i
CiaG clear G_fleating, 4-13,
4-131

CLRL =lear igng, +-13

CLRY Clear guad, +-13

CLRW cleapr word, 4-13

CHMPE compave byte, <-14

(MPD comparg 2 floating, 4-132

(MPF compare ¥F_Elzating, 4-132

CMPS compare & flo ating, 4-132

THMPL compare l¢ﬁ-:J i-14

TMEV compare field, &-3c

CMPW compare word, 1-14

CH?ZT Egmpare zero-extended fielg,

foneole entry prosacal, 2-72

Lansele s2xit proatoesl, 2-73

Cansole zaved reglistars (SAVISD,
SAVRD, SAWDSL), 2-20

Cantrol iastructions, 4-41

Control stdatus (CE<Z:I]=), o-4

CPU read oyesle, 3-13

CPYJ raac, CPU write cvzle. timing,
A-F

CPf) wrize cvola, 5-5

e s

CVTED zonvert byg a I3 fleating,

-1313
CW7BF convert byte Za F_floatinag,
4=1313
TBG coavert byte -a'G floatiag,
1-133 C

CJYTEL convert DyLe o lorg, $-3

R
-
CVTEW convert DyzTe o word, -1
CYTDE coavwers D Elzazing to byee,
133
VT DF coavers I Floating o
F floatiag, 34-133
CVTDL convers D*‘laa:inq 1o Long,
4-133
CWTDW coowvers D_Iloaving to ward,
$-133

Irdax-2
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CYTT3 Tanvars &
4-11313

CVTFD conwert F_

b floating,

CYTFG convert F_

G floatin

CUTEL ganvess Fo

3-133
CVTEwW
4-3133
CVTEE convert (&
4-11313
CVTGE canvart
F_Elnating,
CVTEL copvert 2

§-133 :

YW convert C Eleoating to word,
4-133° - _
CWILE cenvere long o byte, 4-16
CYTLD cenvert long o B _Floating,

£-133 . :
cvf;? convart long to F_fioating,
=111
CUTLG coavert leng to & fiosting,
4-137% _ -
CYVTLW convert long te woed, 4-15
CVTROL cenvert -ounded O floaring
o leng, 4-133
EVTAPL convert zounded P ofloating
a leng, 4-135 . .
CYTRAGL conver: rounded G iloating
to- long, 4-133 :
CYrwE convert ward to hyte, 4-13
CVWTWD convers word to D fleoating,

-131
CYVTWE conversrt
3-31313
CYTHWE Conver:t
4-133
CYTWL coovert

DaL=31:00>,
Dara bhuffer
Dara strobe
DAtad types,
byte, -2
characier StE
Eloating poln
D floaring.
£ flzarting,
(i fFlonating,
tonswaed, 2-3
Fuaddword, 2-%

a-1

i=1

COnvert I

_floazing

wotrd
wo T
wo T

&nahle [EE'1
(085, 8-

Floacing

I
i3
tr

L]
s
M

fFloating
1-133
floating
=113
Iloating

flaating

Floaring

T4=133
_Flpating

o Llang,

Lo P_floating,
to G_flaating,

to long, 4-15

5-5

19
E.

-y =
==
-

et T3 b
D0 e 0 s
|

DIVE

IRDEX

variable :ergeh bit -4
WorS, 278
Data/sddress bus,
aC characteristics, A-l
DECH decrement byte, &-I6
DECL decrement Long, + e
DECW dec-ement wood, t-l&
Displacement defeg-red mode
addressing, 3-24
Displacensnt mode addressing,
d-22
divide
divide
divide
divide
divide
diwvide

Tield,
5-1

byte, £-17
O_floating, 4
F fipating, 4-
& figaring, 3
long, 3-17
word, 4-17
contrel sigral=, &-3
cycelae, 5=3
cycle iming,
grant - (TRE)
regquast (THE:,

LIVD
CIVE
DLVG
DIvL
LT
OMA
nMa
DMA
DMA
DA,

==

iG
e
36

CA=L0
&8-9
B-5

EDIV extznded div
EMODD axtended
integerize
EMODF extanded
intecmrize F
EMODG extanded multipl? gnd
integerize G_flsating, 1-133
EMUL axtended sultiply, 2-24
Emulated lastrcuctlions wiih
microcode szsis5t, 4-1510
Errap (ERH), &-% : :
Exceptions, ¢-i34
accems gontrol violacign fauis,
£-50
bregkpoint fault, 2-52

ide, 4-1%
maitiply and
o_flogring, 4-138
MH1t ply ard

flparing, 1-138

apulated ingtrucrticn fFaulke,
2-531

axtanded functiorn faulr, Z-52

floating divide by zers fault,
2-3B

flgaring overflow fauli, 2-&3

Elpaczify cnderflow fawlt, Z-48

iataeger divide oy zero trap,
.-_.-1'.'

intecer overilow trap, 2-47

Lacercypt 2tack ~at walid halt,
F=-31 .

Kernel stack ncto valiid abory,
2-E3

hdex—13

e i —




INDEX

machine check and memory
raac/write error uﬂm t,

2-..:'-!
reserved addressing mode faolt,
-Gt
:E$Erved operand @xcept1un,
EI
rese;vaﬁ;prlu_iaged ingcruccian
~ault, Z-5- :
sybscript range trap, Z-48
translacion noe wvalid fawlt,
2-30 '
Exceprions arnd interrupns, .2-39
CONLTEgt Setwesn, zZ-54
initiation af, 2-57

Croctesso0r stakus,. -4
gserializatior of, 2-37
Zxecutive made, 2Z-328
EXteina. processar Svoles,
read cyc.ie, 5-3
responsa cvcle, 3-11
write cyclile, =11
External prosessor protacols,
5-15%
R protocel, 3-1%
regiater protacol,
Extarral processor
E-9
Bxtarnzl processar read/rezporse
cycle timing, A-12
IXTErnal procasssr registars,

z-9

z-15
read gvcle,

reading and writing, 5-15

ZAternal processor response cycole,
5-11 .

Zxternal processcr stsobe [(FP3),
B=~5

External aroczssgr write cysle,
E-11

Externzl processar write/command
cyele ciming, a-1z2

EATY ex:tract field, 1-18

EXTEZV axtraci zero-extendesd field,

reserved addrezsiang mode,
rezerverd gperani, I1-31
reservedsprivilaged iasteuction,

2-51

2-51
tranglaticon aot valid [TNV),
A=E
FFC find firz: oclaar, 4-40
FFE f£imd First ser, 1-20
Tioatlng point acouracy, 4-125
Fioating pelnt ipstrucrticas,
4miZd
Fleatiag point numbers, 4-134
FPU, coarmunicating with, $-15

Genrngral mode addressing, 1-3
arogram counter, 3-35
cagisier mode, 3-£

Grousd (V55), &£-49

Bal= (HADT!,
JALT hale

E-a
inscruction, 4-7%

Halting the proce=sor, 7-3
Immediste mode addressing, 3-34
INCE lncrement byte, 4 -Z1
IHCL increment lopg, 4-21
INCW incremen: word, 4-21
INDEX compute 1pdex, = ?E

Indax mpde addrassing, I~2§
[NSQEHT iaseTtt encoey intc Jquave asz
head, :nterlaocked, 4-97§
[NEQTL insest entry ints cueue ao
tail, inzerlocxed, £-91
INSQUE insert antry in gquete,
L-39¢
[ns=rurtion descriptions, 1-2
Instructon execution exceprions,
2-51
natruction fermat,
Imrstruztion set summary, B-1
[NEV wnsert field, £4-42
inteqer arig hmet1* ard lagicacs
ingserucst i una, i-g6

i-1

Incerrup: acknowledge cyecle, 5-7
Taulits, 2-437 to 2-igk Interrupr Zoatrol signals, 5-~3

acTess contral wialacion [ACWY), Interrupt handliing, 7-5

2-54 Interrypt wricrity level register
aregkpolnt, Z-92 LIPZy, 2-43
emtlatad inszruction, Z=5% Interrupt recuest [(LRL=t:d7}, 6-3
axtended functien, 2-32 Intercyots, Z-11
fiodting cdiwvide Dy zerm, 2-4E contsal of, 2-4Z2.°
Itcating ovearflow, Z2-48 CEVLTE INtecrunts, 2-11
fleazirg cndecflow, 2-48 sofpvare interrup:ﬂ. 2-21

:adex 4
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urgent interrupts, 2-il
Intercupts, hardware, 7=%
ceneral 'Iﬂﬂﬁlﬁﬂ}‘, -4
interval timer, 7-§ .
powerfail, 7-8

Trterval cloack cernircl and staius

registar (ICCS), 2-19
Interval timer {T9T1IM), 4-8

M2 ‘unp, 4-29
J58 fump to subrootine, 4-&0

¥ernel mode, Z-24

LDECTX lnad orocess contax:
1115 : .
Liceral mode sddressing, 3-17

=

Machine check, 2-5]

Map enable register (MAPEN1, 2-24

MCOME move complemented oyite,
=22
MCOML move complamented lohg,
2-27 : '
MCOMW move complemented word,
&-22 -
Meshanlcal specificariong, D=1
MemaTy access protoool, %-13
Memory managemsnt,  2-211
acress contral, 2-25
zaddress cranslation, 2-I8
Faulrs, Z-38
memary RMIpERing enable, :ﬂEi
page proTecticn, 2-:Z5
translacian puffer, 2-16
vislatiorns, 2-2B
access, 2-28
—ength, 2-I8
Memcry MAanagement excepTions,

2-48
faul: parameter ﬂlﬂtﬂ 2-48
Memory subsystem, V-3

Microcovele, 3-1
MME hBiv, 2-24
MNZGE move negatad
MHEGD move negar=sd
A=-140 . .
MNEGE mave negatsad
4140
MNEGE move negaksd
t-140 '
MNEGL mave nagated Iong, $-33
MEEGW move negated word, 4-23

¥

'E'
o+

4T =

_|||'H.|

Al el

Lo,
flina

ooy

]

_flmating,

G _floazing,

Indax-3

MOVAB move address byite, 4-33

MOVAD move addrsss D Iloabing,
=33 -

MOYAF move address F_flosking,
§=33

MOVAG ?gve sddress G fLoating,
q- .

MOVAL move address Loang, 4-33

MOWAQ move address gquad, £-313

HMOVAW move address word, 4-33

MOYS mowve . oyoe, 4-24 .

MOV move. characcer, w-L07

MOVD move D _flesariag, 4-1481

MOVE Slove T Elnarlﬁg, d-14a]

MOVE move G floacing, 4-1¢1

Wi mowve lang, -4-24

MOVPEL move from psi, 4-7E

MOVY mowve Suac, 2-@4

HoVW move ward, 4«24 :

MOVZBE  move zero==xtended byre .

lang, <25
MONZIBEW wove zero-sxbendsd byie
word, d&-2%

MOVEWEL 1tove catn-— extﬂnuﬂd word T

long, ¢-2E
MULE muitiply byke, 4-26 -
MULD mulzipiv D flsazing, 4-142
MULF mu.tiply & floating, 4-142
MULG mu.ziply & fleoariog, 4-142
MULL mu-+=iply long, 1-2&
MULW mu-=iply wored, 4-26

MOP ng pperagign, 4-79

OPzode faruat, -2

ﬂperuﬁd refarence Excech.anﬁ,
a=2%

Qperand sgpecifier notation, 1-2

QOperands, types of, 31-3

CoBrating svstem sygpart
inst=uckions, 1-11:1

PL base register (PIBR), £33
B length rzoister (POLR), 2-33
Fl base register [PLBER), 2-3%
Fl _ength fegls:er (RILR), 2-34d
Fac<aging
socket mount, -]
surface moeuaz, D-1
PAge tacle entry (PTE), 2-29
making changes =a, 2-10
Fin summary, S-11

INDENM
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i NDEX

POLYD polynomial evaluac
D_rlaating, 4-id4

BOLY® polvnemial evaluation
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