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O P d  m  I N S T B U C T I O N  O P E R A T I O N

@

19 3 n LOXI a,m Load Doublo Ind6x by 2 (lndlrect) (Y',Y'+1)-Ba,Ra+1;
( B m ) + 2 - R m

1A a m scr a,y,m s,ack c6, rop 
lYJ;8i!qli,l,li:3,qlh_ "

1a a m Lox a,y,m Lo.d ooubl€ and Indox by 2 {Y,Y+1) - &,Ba+jt
( l n d € x )  ( f u ) + 2 - R m

1C a m cBF a.m Cohparg Bn ro z€ro (F€gist€d (&)nro

1 D  O  m  L P I  m  I  L o a d  P r q B m  S l a l u s  W o r d s  ( Y ' . Y ' + 1 , Y ' + 2 ) - P ,  S R 1 ,  S R 2
(lndt@O 

-

1E a - ocra.y.m ou€u€G6'rop 
l;| i l ; i l l l ;9.3i:1".
{il+3y-1{P-Y, 

ed r (D=0,

lF O m LP y,m I Load Prqram Sratus Word6 (Y. Y+1, Y+2FP. SB1, SR2
{nd€x)

20 a m LRSF a.m Logicar Riqhl singr6 shiff shiff (fu) ighr (Bnk o plac6s,

{R@lsteo 2610 ii i l

22 a m LAS a.y.m Logrcar A'ghr S,ngre Shrh Shrn lRc) 
.Ehr v. o pracos. z€'o

{conslarl) 
' i l |

23 a m aS a,y,h 8tr6 Slore (ndd) (&D o-Ybilo

?4 a h ARSR a,m Argobrarc Right Srnore shrft shrn (tu) i lght (Fm)5 o prac6s,
(R6sisr6d sion lri l

25 a m Sr a,m Sror€ (ndk@l (FatsY'

26 a m AFS a.y,n 4oeb'a'c Frght S'nOl6 Shlft Sirh rRa) 'Ehr Y. o plac6s. sron
{constanr) i l l

27 a m s a,y,m slcro (lndex) (tuFY

28 a m LROR a,m Logrcal Fighi Doubl€ Shiff Shld (fu,Fa+!) dghr (nmL o
(R4ist64 pra@s,26ro i i i l

2 9  a  m  S D r  a , h  S r o . e  O o u b l o  ( n d k e l  ( & , R a + t - Y ' , Y ' + 1

24 a m LRO e.y,m Logical Righl Doubl€ Shlff Shlfr (&,Ra+j) rlght Y5-o plac.s,
(Conslanu z€ro ri lr

2 S  a  m  S O a , y , m  S l o . e D o u b l e ( h d € x )  ( f u . R a + j ) - Y , Y + 1

2C 6 m AFOF a.m Ag€bra'c Righl Doubl€ Shrfi Sh'fi {B",Rr r') r,gh! (FrE o
(H4rsr€4 prac6s, eqn il

2E a n aRO a.y.m Alg€brarc Rrohl Ooubl€ Sh'h Shrfi (F€, Rd | 1r 
"Sht 

Y\ o pla6.
(consiarD s'qn ri l l

2 F  a  r  S M  a , y . n  S b r e  M u h p l 6  l l  n  a .  ( q .  F r  )  '  Y  Y r m  a

lI.ii.":ih""') .
30 a m ALSR a,m Arg€braic 16fi Sinqre Shifr Shrfi {&) bn (Rm)5 o prac6s, 2gro

(Bqisrod rill
32 a i ALS a.y,o lsebrarc -6fr Sinsr€ Shrr Shrh l&) rd Y\ o pra€s 26'0 tll

(consranu
33 a m Bsx a,y,n Bio sroro and Indd by 1 (rndd) (Ba)7-o-Ybyroi {Rm)+1 - Rm
34 a m cLsa a,m crclrar L6n shgr6 shrff (Bqrsr€d shin (RJ bn ckcurany (am)5 o

3s a m sxr a,m stor6 end Indd by 1 (ndL€ct) (BJ+Y': (Rn) + 1 + Rd
36 a m CLS a,t,m Cilcul.r l€fi S'nqr6 Shin Shifi l&, lefi cilcularly t5-o

(co.s'snl plar€s
3 7  a  m  S X a , y , m  S r o r 6 a . d l h d € x b y 1 ( h d € x )  ( f u )  - Y : ( R m ) + l  - R m

38 a m ALDq a,m Als6braic Ldl Doubl6 Shifi Shifr lfu, Ra+r) 16ff (Rmk o
(Fegisled places, z€ro llll

39  a  m SOXI  a ,m S lor6  Ooub l€  and lndd by  2  ( fu ,  fu+r )  -  Y ' ,  Y '+1 t  (Rm)  +
(lndk40 2 - Rm

34 a m ALO a,y,m Alo6braic Lefl Dolblo Shlfl Shlfi (&, Ba+r) l6tl Y5-o plaes,
{consran! zoro rill

38  a  n  SOx a ,y ,m S ior6ooubro  and Ind€x  by  2  (& ,&+r )  '  Y ,Y+1t  (Rd)+2 -
(lnder)

3C a m CLDR a,m Ctcutar L€fr Doublo Shiff Shifr (&, Ba+1) 16lr ctculBdy
(Rsqisr6d (Rm)s o Pr6@s

3D 0  m Sz lm S ior€zoro(hd te t )  0 -Y '
3E a  m cLoa,y ,m ckcurarL€ f fooubbshf i  sh in ( fu ,Ra+ i ) r€ f fckcorarvY5-0

{consran! pra@3
3F 0 n Sz y.m Storo z6ros {nd€x) 0 - Y
40 a m SUR a,m Subtad (Rqisi6d (&) - (Rd) - Ra
41 a m SUr a,m Subtad (hdn6c! (fu) - (v') - na
42 a h SUK a,y,m Subrad (Constant) (&) - Y - &
43 a m SU a,y,m Subracl (nd€x) (RJ - (Y) - Ra
4d a m sUoB a.m subtrad ooLbt€ rFqrsred 

ft;tu; 
) rn- n-_ ,, .

45 a m sUDl a.m subtacl ooubl€ (lndtr@O 
htu.tu,., 

) d' Y'! ') .

47  a  m SUD a ,y ,m Subtac l  ooub l€  (hdox)  (F . ,Ra+1)  (Y ,Y+1)  -  Ba,Ra+ i
48 a m AF a,m Add (B4rsrod (tu) + (F.) - R.
49  a  m A la ,m Add(hdt6 l )  ( fu )+(Y ' ) -Ba
4A a m AK a,y,m Add (Conslan0 (fu)+Y "Ra
48 a h A a,y.m Add (lnd6x) (fu)+(Yts Ba
4C a  m AoAa, f r  AdoDoub '€ tRq is r€ i l  

LRaf , i l j r t . rBn .Br r r )  
.

40 a m AOr a,m Add Ooubr€ (rndtecr) &Fa+1il + fi'.Y'+1) -

4F a m Ao a,y,m Add Doubr€ (rnd€x) (fu.Ba+t + (Y,Y+1) - Ba,Ra+r
50 a m CB a,m Comparo {Rqist6d (RJ : {Rn)
51 a  m Cl  a ,m Compar€  ( lndne0 (RJ:  i l ' )
52 a h cK e,y,m compare (Constanl) (fu) : Y
53 a m C a,y.m Compare {lnd€x) (RJ : (Y)
54 a m COR a,m Compe€ Doubl€ (Fqisred (fu,fu+r): (Rm,Rm+j)
5s  a  m CDr  a .m Compar€  Ooub l€  ( lnd fe l )  ( fu ,Fa+ j ) :0 ' .Y^+1)
57 a  m CD a ,y .m Compar€  Ooub l€  (hdex)  ( fu ,Fa+ i l :  (Y ,Y+1)
58 a m MR a,m Mulipiy (F€gisl€d (Fa+1XRm) -. Ra.Ra+j
59  a  m Ml  a .m Muh ipry  ondke0 ( tu+1 l0 ' )  -  Ra,Fa+1
54 6  o  MK a-v .m Mut iD lv  loor lano l tu+1) 'Y  -  R . -F .+ ,

z610 btr lH€g6rso u - (&h

19 3 n LOXI a,m Load Doublo Ind6x by 2 (lndlrect) (Y',Y'+1)-Ba,Ra+1;
( B m ) + 2 - R m

SGT a,v,m Slack G6l Tooa,y,m slack Gol Top (Y)-&; ir (Y) + 0 then ((Y)) - Y
6nd (P)+3+P; i l (Y)=0, th€n
( P ) + 2 - P

a,y,m Lo.d ooubl€ and Ind6x by 2 {Y,Y+1) - &,Ba+jt
( l n d € x )  ( t u ) + 2 - R m( rnd€x)  (h )+2+Rm

1C a m cBF a.m Cohparg Bn ro z€ro (F€gist€d (&)nro
1D o  m LPI  m I  Load PrqBm s la lus  words  (Y ' .Y '+1 ,Y '+2) -P,  SR1,  SR2

a,y,m ou€u€ G6r Top (Y)-Fa; il {Y) = 0, rh€n
(P)+2-P; il lY) t 0. lhen
(P)+3-P, ((Y))-Y, and lr ((Y))=0,
thon Y-Y+1ih6n Y-Y+1

y,m I Load Prqram Sratus Word6 (Y. Y+1, Y+2FP. SB1, SR2

20 a m LRSF a.m Logicar Riqhl singr6 shiff shiff (fu) ighr (Bnk o plac6s,
{R@lsteo 2610 iiil

22 a m LRS a,y,m rogrcd Rbht Singre shh snin (Ra) ilghr Y5 o pra6es, z€ro

23 a m AS a,v.m Bn€ Stors {lndd)

14 a h ARSR a,m Argobrarc Right Srnore Shrft shrn (tu) ilght (Fm)5 o prac6s,
(R6sisr6d sion lril

25 a m sr a,m sror€ (ndk@l
26 a m AFS a,y,m 4o6bd)Ri9hr Shsr6 Shlft silhrn (Ra) ilghr Y5 o plac6s, sign

2 7  a  m  S a , y , m  S l c r 6 ( l n d e x )

28 a m LROR a,m Logrcal Fighi Doubl€ Shiff Shld (fu,Fa+!) dghr (nmL o
(R4ist64 pra@s,26ro i i i l

29 a m SDr a,h Sro.e Ooublo (ndkel

24 a m LRO e.y,m Logical Righl Doubl€ Shlff Shlfr (&,Ra+j) rlght Y5-o plac.s,
{Conslanil z€ro l i l l

2S a m SO a.v.m Slo.e Doubl€ lhd€r)

2C 6 m AFOF a.m Ag€bra'c Righl Doubl€ Shrfi Sh'fi {B",Rr r') r,gh! (FrE o
(H4rsr€4 prac6s, eqn il

2E a n aRO a.y.m Alg€brarc Rrohl Ooubl€ Sh'h Shrfi (F€, Rd | 1r 
"Sht 

Y\ o pla6.
lconsi6r0 s'an ri l l

2F a m SM a,y,m Sror6 Munrdo i l 6 > a . ( t u . F m )  . Y  Y + m a l

30 a m ALSR a,m Arg€braic 16fi Sinqre Shifr Shrfi {&) bn (Rm)5 o prac6s, 2gro
(Bqisrod ri l l

32 a d ALS a,y,m 4sebd)L6fr Sinsr€ Shifi Shrn (tu) rd Y5 o pra€s,2610 nll

33 a m Bsx a,y,n Bio sroro and Indd by 1 (rndd) (Ba)7-o-Ybvroi {Rm)+1 - Rm
34 a m cLsa a,m crclrar L6fl srnqro shrff (Bqrsr€d snin (RJ bn ckcurany (am)5 o

3s a m sxr a,m stor6 end Indd by 1 (ndL€ct) (BJ+Y': (Rn) + 1 + Rd

36 a m CLS a,t,m Cilcul.r l€fi S'nqr6 Shin Shifi l&, lefi ci lcularly t5-o
(co.slsnl olar€s

3 7  a  m  S X a , y , m  S r o r 6 a . d l h d € x b y 1 ( h d € x )  ( f u )  - Y : ( R m ) + l  - R m

38 a m ALDq a,m Als6braic Ldl Doubl6 Shifi Shifr lfu, Ra+r) 16ff (Rmk o
(Fegisled places, z€ro llll

39  a  m SOXI  a ,m S lor6  Ooub l€  and lndd by  2  ( fu ,  fu+r )  -  Y ' ,  Y '+1 t  (Rm)  +
ilndk4o 2 - Ro

34 a m ALO a,y,m Alo6braic Lefl Dolblo Shlfl Shlfi (&, Ba+r) l6tl Y5-o plaes,
lcon$anil zoro l i l l

38 a n sox a,y,m 
frl!;.,,o"'or" ""a 

na"' 0", 
L&,&+r) 

' Y,Y+1r (Rd)+2 -

3C a m CLDR a,m Ctcutar L€fr Doublo Shiff Shifr (&, Ba+1) 16lr ctculBdy
(Rsqisr6d (Rm)s o Pr6@s
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27 a  a  n  5c  a  m oFa,m Div ldo(R6o js r€d  (L ,Ra+1y(Rm)-Ba+1;R.m

27 1 a m 5D a m Or a,m oivid€ (lndt€cl) l&,Ra+1y(Y') 
- R.+i Reh

27 2 a n 5E a m DK a,y,m Divid€ (Corclanl) l&, Ra+1)/Y - Ra+1i Rdm

27 3a n  5F a  m Da,y ,m Div id€( lnd€r )  ( fu ,8a+ j ) / (Y)  -Ra+ jR€m.

30 Oa f r  60  a  6  ANOBa,m AND{F4 is r6d  l fu )A(R. ) -Ra
3 0  1 a m  6 r a m  A N o l a , m  A N D ( l n d t e 0  { f u ) A ( Y ' ) - B a
so 2  a  m 62 a  m ANDKa,y ,m ANolconsra . r )  {FJAY-Ba
30 3 a m 63 a m AND a,y,m AND (lnd€r) (RJA1Y)-Ba

31 0 a h 64 a m OBF a,m OA (R4isred (fu)V(Fm) - Ra
31 1 5 m 65 3 m Onl 5,m OR {hdrel) (RJV(Y') - Ra
31 2 a m 66 a d ORK a,y,n On (Constan0 (fu)VY . Ra
31 3 a m 67 a n oR s,y,m oR (hd€x) (Fa)V(Y) - Fa
32 0 a m 68 a m XOBB a,m Ercrusivo OA (F4rsr6d (fu)VlFmi * Fa
32 1 a m 69 a h xOBl e,m Erclusiv€ OR (hdrel) (fuXY') -- B"
32 2  a  m 6A a  h  XoBKa,y ,m *dus iv€OR(Cons16n0 (&)S/  .Ba
32 3 a m 6a a m XOB e,y,h Etcluslv€ OR (hder) (fuMy) . R.
33  0  a  m 6C 6  n  MSR6,m M6k6dSlbsnrur6(Fq is re f )  [ l&+ jh :1 , (Bh)n-Rh
33 1  6  m 60 a  n  MSra ,m Msk6dSubsr tu r6 l lndn6c0 l l ( fu+ lh -1 , (Y 'h -F to
33 2  a  h  6E a  m MSKa,y ,m M6k6dSub l i lu l6 (Cons lan0 [ ( fu+ jh=1,Y" -Rh
33 3 a n 6F a m MS a,y,m Mak6d Subrilui€ (lnd€x) ll (fo+1h = 1, (Yh-F6n
34 o  a  m 70 a  m cMB a ,m compar€  Mskd (B6o is r€ i  ( tu )A(Fa+ i ) :  (R-A Ra+ j )
34  1  a  m 71 a  m cMla ,m compar€  M$kd ( lndn@r)  (BJA(R"+ i l ,  f i ' )A( tu+ ,
34  2  a  n  72  a  m cMX a ,y .m compaF Ma6kd (consanr )  ( fu )A{Ra+r :  YA(Ra+j )
34  3  a  m 73 a  m cM a ,y .m compaF Mskd ( lnd6x)  (RJA{F"+ i l ,  {Y}A(R"+ i l
35 o oo oo 74 o o €ca lrnpuvourpurbmmand 

BT,.f,l/%"3llj",ill$,""t,,,
35 o a m 74 a m IOC a,y,m I Inpur/Outpul Command Exeul6 l/O command instu(

In r@aton Y (and Y^+1 il a
2-word insrruclionlz,

35 r @ n 75 0 m BFI m Blasd Ferch (lndfer) s€r cc upon {Y'), 1-Y'i5 14
35 2 00 m 76 0 m Bg y,m R€hore Exeur€ Ereut€ {Y)
35 3 OO m 77 0 m BF y.m aiesd Fetch (lnd€r) Sd CC lpon (Y), 1-Yis. .
36 0 a m 73 a m cLR s,m ComFr€ Losical (B€Oisted (&):14.)
36 1 a m 79 a h CLr.,n CohFr€ Logr6ar (ndk€c0 (Ba)::(Y')
36 2 a m 7A a m CLK a,y,h Compar€ L4rcar (Co.slan0 (Rr)::Y
36 3 a m 78 a m CL a,y,m Compd6 Logical (lnd€x) (fu)::(Y)
37 0 a 00 7C a 0 vF a , TrigonomoMc v6lor wilholi O-Ra

(aJ=y  r {e" * ,F*c#  .a , , ,
(Ra+r )= t  f f i
(tu+2)=o ard.n((RJ/(Ra+dts8.+,

37 0 a 01 7C a 1 FF a , Trigo.omeric Forat€ wlhoul (&Foq&+2)+{Ra+rsin{Bar
cor€dlon .4OSA
( Ra) = y {Ra+ I )coslFa + r)lRalthlRa+

'  (R.+1)=x  .4oaA
(Ra+z)=O 0-&+2

37 A a  02  7C a  ?  VFFs rTr igo .ohs i ' i cVe ior  0 ' fu
(Ra)=y  r4nY+fu*  -n" * ,
(F"+r )=x  arc lan( (RJ4Ra+tFRa+,
(R '+2) :0

37 0 a 03 7c a 3 RFPa ,TdgonoreklcFoiare (fuboslfu+r)+(Ra+1tsin(Far
(FJ=y (tu+rFo{Fa+2ts(Ratsin(Fa+,
(Ra+1) : r  0 -8 .+z
(Ra+2)=e

37 0 a 04 7C a 4 vH a I HyFrbolic v&lo. snhout 0-&

(FJ=y \4 ; " * i l r rn#  _R.* ,
( 8 a r ) = !  

. f f i

(F"+r=o arclanh((RJ/(Ra+i)FBa+,
37 0 a 05 7c a 5 Raa rHyFrbolicRorarowihour (fu)cosh(Fa+2)+(aa+ilsinh(F

coiloction 1.jAAF
(F.)=y (tubnflF.+r+{Ra+1Fos{F
(Fa+ j ) :x  1 .1a8F
(R.+d=v 0-Ra+2

37 0  a  06  7C a  6  vHPa lHyFrbo l i cV€c lo r  o -Ra
(Ra) -y  {n i l '<nY -n"+ ,
(Fa+1) :x  a rc lanh(RJ/ (Ra+rFRa+2
(Ra '  2 )=o

37 o a o7 7C a 7 RHPa rHyFrbolcRolaio (3aFos{&+2)+(fu+itsint{Ra
(RJ:y (Fa+rFGh(Ra+2)+(RJsinh(F
(Ra+1)=x  0-Ba+2
(Fa+r=v

37 0 a 10 7C a a FC a.y , Floatinq Poini Codpdo (&,Fo+i):{Y,Y+1)
37 0 a 11 7C a I FXC a , Flxd lo Floatlng Polnl Conv€rslon (fuFExp.;(fu+r)-Man,
37 o a 12 7C a A FLC a , Fbn& Pnohr ro Frr€d ShSb Conwt&,Ra+i), E'e -Ri

37  0  a  13  7C 6  B NFa ,F loar ingPo in tNorhe l i zo  No.mal i2o(Fh,R6+ i )
37 0 a 16 7C a E OAL a,y l Algebraic L€ff Quadruple Shifl Shiff (&,Ba+l,Fa+2, Fa+3) k

Ys o Pls6, z€.o lill
37 0 a 17 7C a F QAF a,y r Algebraic Righr Ouadrupl6 Shifr Shifi (fu,Ra+1 Ba+2.Fa+d ri'

Y5 0 pi.@, sEn rtr
3 7  1 5  0 o  7 0  a  0  s r N a  r F r o a r r n o P o l n l s r n 6  s l N ( & , F a + i l - R a + F a r r
37  1  a  01  70  a  1  cosa rFroa i lnoPohrcos in6  coqfu ,Ba+ j ) -aa+R"- ,
37  1  a  02  70  a  2  TAN6 *FroarhgPo ln lTano6nr  TAN( fu , fu+ j ) - .Fa+F" -
37  I  a  03  70  a  3  ASINa ,F loa l ingPo inrAr6 in€  ASIN( fu , fu+ j ) -Ra+Ra+1
37 1  a  04  70  a  4  ACOSa ,F loa i inoPo inrArccos i .€  ACOSI&.Ba+ i l  -Br+Bi+ j

5 E  a  m  M a , y , m  M U n P r y ( n o € r ,

2 7  a a n  5 c a  m  o F a , m  D i v l d o ( R 6 o j s r € d
Fa,Ra+1) / (Rm)-Ba+1;B€m 

-  0  x  x

27 1  a  m 5D a  m Ora ,m o iv id€( lnd t€cr )  gu ,Ra+1 i l (Y ' ) -R.+1 Reh. -  0  x  x

27 2  a  n  5E a  m DKa,y ,m Div id€(Corc lan l )  
f f ,Ra+1) /Y-Ra+1 iRdm-  

o  x  x

2 7  3  a  n  5 F  a  m  D a , y , m  D i v i d € ( l n d € r ) (fu,Ba+j)/(Y) - Ra+j R€m. - Aa

30 o a fr 60 a 6 ANoBa,m AND{Fqisr6d
30 1  a  m 6r  a  m ANola ,m AND( lnd te0
s0 2  a  m 62 a  m ANDKa.v .m ANoloonsra . r )
30  3  a  m 63 a  m ANDa,y ,m AND( lnd€r )
31  o  a  h  64  a  m oBFa,m oA(Rq is red
31 1  5  m 65 3  m Onl5 ,m OR{hdre l )
31  2  a  m 66 a  d  ORKa,v .n  On{Constano
31 3  a  m 67 a  n  ORs,y ,m OR(hd€x)
32 0 a m 68 a m XOBB a,m Ercrusivo OA (F4rsr6d (fu)VlFmi * Fa
32 1 a m 69 a h xOBl e,m Erclusiv€ OR (hdrel)

32 2  a  m 6A a  h  XoBKa,y ,m *dus iv€OR(Cons l6n i )  (&)W .8"3 2  2 a  m  6 A a  h  X o B K a , y , m * d u s i v € o R ( c o n s 1 6 n 0  ( & H = B a  o  0
32 3 a m 6a a m XOBe,y,h Etcluslv€OR(hder) (fu)ql .R. 0 0
3 3  0  a  m  6 C  6  n  M S R 6 , m  M 6 k 6 d S l b s n r u r 6 ( F q i s r e f )  [ l & + j h : 1 , ( B h ) n - R e

33 1  6  m 60 a  n  MSra ,m Msk6dSubsr tu r6 l lndn6c0 l l ( fu+ lh -1 , (Y 'h -F i l
33  2  a  h  6E a  m MSKa,y ,m M6k6dSub l i lu l6 (Cons lan0 [ ( fu+ jh=1,Y" -R i
33  3  a  n  6F a  m MSa,y ,m Mak6dSubr i lu i€ ( lnd€x)  { ( fo+1h=1, (Yh-F. .
34  o  a  m 70 a  m cMB a ,m compar€  Mskd (B6o is r€ i  ( tu )A(Fa+ i ) :  (RmA Ra+j )
34  1  a  m 71 a  m cMla ,m compar€  M$kd ( lndn@r)  (BJA(R"+ i l ,  f i ' )A( tu+ ,
34  2  a  n  72  a  m cMX a ,y .m compaF Ma6kd (consanr )  ( fu )A{Ra+r :  YA(Ra+j ,
34  3  a  m 73 a  m cMa,y .m compaGMskd(hd6 ' )  (BJAtF"+ i l  lY l^ (B"+ i l
35 o oo oo 74 o o €ca lrnpuvourpurbmmand 

BT,!f,l/%"Sllj"u.ll$.".",""
35 o a m 74 a m roc a,y,m I Inpur/outpur command Exeur6 l/o command instucrion

In r@aton Y (and Y^+1 il a

3 5  r  @  n  7 5  0  m  B F l m  B l a s d F e r c h { l n d f e r ) S € l  C C  u p o n  { Y ' ) ,  1 - Y ' i 5  1 4

35 2 00 m 76 0 m Bg v,m R€hore Exeur€
35 3 OO m 77 0 m BF y.m aiesd Fetch (lnd€r) Sd CC upon (Y) ,  1  .Yr5  r .
36 0 a m 73 a m cLR s,m ComFr€ Losical (B€Oisted (&):14.)
36 1 a m 79 a h CLr.,n CohFr€ Logr6ar (ndk€c0 (Ba)::(Y')

36 2 a m 7A a m CLK a,y,h Compar€ L4rcar (Co.slan0 (Rr)::Y
36 3 a m 78 a m CL a,y,m Compd6 Logical (lnd€x) (fu)::(Y)

37 0 a 00 7C a 0 vF a , TrigonomoMc v6lor wilholi O-Ra

(aJ=y \G"+#+G# -R,*,
(Ra+r)=t f f i
(tu+2)=0 ard.n((RJ/(Ra+dts8.+,

37 0 a 01 7C a 1 FF a , Trigo.omeric Forat€ wlhoul (&Foq&+2)+{Ra+rsin{Ba+, *R"
cor€dlon .4OSA

t R a ) = y  { R a  I  r ) c o s l F d ,  ? )  ( F a ) s t ( F d  r ,  _ e
'  ( R . r , r = \  4 @

( R a + 2 ) = o

3 l  A  a  0 2  7 C  a  2  V F F a  r l r i g o . o m s h i c v & t o r

(Ra+z)=O 0-&+2
Trioo.ohstic vetor o-tu

r n u j = v  / - G r , ' F " ' ' ) ,  ' H " . .
(F"+ i )=x  arc lan( (RJ4Ra+tFRa+,

3 7  0  a  0 3  7 c  a  3  R F P a  , T d g o n o r e k l c F o i a t eTdsonoreklc Foiare (tuboqtu+d+(Ra+1tsin(Fa+2)-Ra
(FJ = y (tu + I Fo{Fa+ 2ts(Ratsin(Fa+ d-Ra + 1
(Ra+1) : r  0 -8 .+z

37 0 a 04 7C a 4 vH a I HyFrbolic v&lo. snhout 0-&

(FJ=y \ , {R*#-F# - " " - ,
(Ra+t=t 

.ffi

(F"+r=o arclanh((RJ/(Ra+i)FBa+,
37 0 a 05 7c a 5 Raa rHyFrbolicRorarowihour (fu)cosh(Fa+2)+(aa+ilsinh(Ba+d -R"

coiloction 1.jAAF
{F")=v (futs'ndF"-t+{Ra+ rFos{Fr-2l .R" ,
(F3" )  r  ' . res -T
(n .+d=v 0-Ra+2

3 7  0  a  0 6  7 C  a  6  v H P a  l H v F r b o l i c V € c l o rHvFrbolic V€clor O-R.

t n . r - v  \ 4 R . -  / a R J  ' H a

( F a + 1 ) : x  a r c l a n h ( R J / ( R a + r F R a + 2

3 7  0  a  0 7  7 C  a  7  R H P a  , H v @ r b o l c R o l a i oHyFrborc Roraio (3aFos{&+2)+(tu+itsint{Ra+rFRa

( R J : y  ( F a + r F G h ( R a + 2 ) + ( R J s i n h ( R a + 2 ) - R a + r

( R a + j ) = x  0 - B a + 2

37 0 a 10 7C a a FC a.y , Floatinq Poini Codpdo (&,Fo+i):{Y,Y+1)

37 0 a 11 7C a I FXC a , Flxd lo Floatlng Polnl Conv€rslon (fuFExp.;(fu+r)-Man,
!7 o a 12 7C 3 A FLC a , Fbn& Pnoht ro Frrcd Shsle 

ftonw[]e,Ba+1), 
Exp.-Ri

3 7  0  a  1 3  7 C  6  B  N F a  , F l o a r i n g P o i n t N o r h e l i z o  N o . m a l i 2 o ( F h , R 6 + i )

l7 0 a 16 7C a E QAL a,y l Algebraic L€ff Quadruple Shifl Shiff (&,Ba+l,Fa+2, Fa+3) l€ff
Ys o Pls6, z€.o l i l l

37 0 a 17 7c a F QAF a,y r Al€ebraic Rishl ouadrupr6 shin shifi (l;&+st&ilRa+d ishi

fha command instruction add.e$ ts tdati@ to pqe *t o.
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CPU hEPEBIOIRE {CONI.I

FORMAT FOFMAT FORMAT 11 IO 9-
o  t  a  m OP a  m INSTRUCTION OPERATTON C OvC(
37 1  a  05  7D a  5  ATANa rF l@l i .gPo in lArc langon l  ATAN(&,&+ j ) -F !+Ra+1 0  X X
37 1  a  06  70  a  6  gPa rF loa l inoPo in lExpon€n l i5 l  aqRa,Bs+d+Fa+Fa+i  0  X  X
37 1  a  07  7D a  7  ALOGa rFr@r ingPo in lNarurarLq  ALOG(F6,&+1) -Fa+Fa+1 0  X X
4 0 00 m a0 0 m JEB h Juhp Equ6l ll (CC) Indcal€s - or 0, (Fn) -- P
4 o 01 m a0 1 m JNER m Jump Not Equd li (?C) indicale t or nor O. (tu)

40  002 m 60 2  m JGERm Juf rpGr6a l€rorEqud l f (CC) lnd ica l€s>or+ . ( fu I -P  -  -  -

4 0  0  0 3  m  3 0  3  m  J L S R f i  J u m p l *  l t { C o ) i n d i c a r € s < o r  . ( f u ) - P  -

40 0 04 m a0 4 m JOF m Jump Owdlo, It ovdlow sd, (Rm) - P
a0 0 0s m 60 5 m JCR m Jump Carry It carry s6l, {fu)-P
40 0  06  m 30 6  m JPTRm JompPo6Ouro tTo l€ ran@ l lpow6rouro t ro l6 .anc€. (h ) -P  -  -  -

40  0  07  h  80  7  m JBFm JumpAodskap2Sel6cr6d  I tboors rap2se l&r€d, ( fu ) -P
40 0  10  m ao a  m JFm Jump (R- ) -P
40 o  11  m a0 I  m JSRn lJumpAn€rs top  S lop ;uponre lad . ( fu ) -P
4 0  O  1 2  6  a o  A  m  J K S R l , h  l J u m p A f f € r S l o p K o y l S e l  l l k € y 1 $ 1 , s 1 o p ; ( f u ) - P
40 o  13  h  ao  B m JKSR2,n  lJumpAf i€ rS lopK6y2Sel  l l k€y2$t ,s lopr ( fu ) -P
40 1 d a1 d LJ d L@6r Jump (P)+d*P
40 1  0-  1  a1  0-  1  NOP Noots ra i lon(Sof twaro)  (P)+1-P
40 1 0- 1) 2(31 0' 1) NOPO No Op€ranon Doubr6 (Soffwaf€) (P)+1-P, (P)+ 1 *P

40 2 00 m a2 0 m JE y,m Jomp Eqlal lt (CC) indlcal€s = or 0, Y-P - -

4 0  2 0 1  m  8 2  I  d  J N E y , m  J u m p N o l E q u a l  l t ( C C ) i n d i c a l 6 : o r . o l o , Y - P  -  -  -

40  202 m 82 2  m JGEy,m JumpGr6a lerorEqud l t {CC) ind ica t€s=or+ ,Y-P -  -  -

4 0  2 0 3  m  8 2  3  m  J L S y , m  J u m p L s  l l { C C } i n d i e r 6 < o r - , Y - P  -  -  -

4 2 04 n 82 4 m JO y.m Jump Ovedlow lr ov€dlow sl, Y-P
@ 2 05 m 82 5 m JC y,m Juop Carry ll carry sd. Y-P
40 2 06 m 82 6 m JPT y.m Jump Pos. Our ol Tobran@ lr powsr oul ot lor€r.ncs. Y-P
10 207 m 82 7  m Jsy ,m JumpBoors tap2s l€crd  l rb@Btsp2s le t€d ,Y-P -  -  -

40  2  10  m 82 I  m Jy ,d  Jump Y-P
40 2 11 m 82 I m Js y,m I Jump Aff€r srop stopi upon rsbd Y-P
4 0  2  1 2  n  s 2  A  m  J K s 1 , y , m  l J o m p A f f € r s t o p K 6 y 1 s 6 r  l l k o y l e t , s l o p i Y - P
40 2  13  m 82 B m JKs2,y ,m lJompaf f6 rs topK6y2s6r  l l k€y2er ,6 top iY-P
4 0  3 0 0  m  8 3  0  m  J E ' y , m  J l m p E q l a l  l l ( C C ) i n d i c a i 6 = o r 0 . ( Y )  - P  -  -  -

40 3 0l m 83 1 m JNE 'y,m Jump Nol Equal I Cq indacal$ r or hot O,

4 0  3 0 2  m  8 3  2  n  J G E ' y . m  J u m p G E a l 6 r o . E q u d  [ ( c c ) i n d i c a r s s > o r + , { Y ) + P  -  -  -

4 0  3 0 3  m  3 3  3  o  J L S ' y . m  J u m p L € $  l l { C c ) i n d i c a t o s < o r - , ( Y )  - P  -  -  -

a0 3 04 h a3 4 m Jo'y,h Jump o€dlow It ov€dlow sot, (Y) + P
40 3 05 h as 5 6 JC 'y,m Jump Carry It carry sot, {Y) - P
40 3 06 fr a3 6 m JPT 'y,m Jump Pow6r Out ol Td6ran@ r' ptu6r our oi 1oldanc6, (YFP
40 307 m 83 7  m JB 'y ,m J lmpBoorshap2er4r6d  r lb@rsrap2sr&r€d, (Y) -P -  -  -

4 0  3 1 0  m  s 3  I  m  J ' y , m  J u m p  ( Y F P
40 3 11 m s3 9 m Js'y,m I Jlmp Aff6r srop srop; uFn r6srad, (Y) - P
4 0  3 1 2  n  8 3  A  m  J K s 1 , ' y , m l J l m p A f f 6 r s r o p K 6 y 1 s 6 r  l l k € y l e r , s r o p ; ( Y ) - P
40 3  13  m 83 B m JKsz , ' y ,mlJompAf f€ rs topKq2s6r  l l k€y2$ i ,s lop ; (Y) -P
4 1  0  a  m  8 4  a  m  x J R a . m  h d d J u m p  

[ ( t u ) * 0 , l t u )  
1  - F a , ( F m ) -  -  -  -

11 1 d a5 d LJI d Locel Jump Indi.d (P)+dPP
4 1  2  a  m  3 6  e  m  X J a , y . m  I n d 6 x J u m p  l r ( f u ) * 0 , ( B J - 1 - R a , Y - P
4 1  3  a  h  a 7  e  m  X J a , ' y , h  I n d o x J l h p  r l ( & ) : 0 . ( B a ) - 1 - R a , ( Y F P  -  -

4 2  0  a  h  a 3  a  m  J I B R a . m  J u h p . l i n k F q i s l e r  ( P ) + 1 - 8 . ; ( f u )  ' P

1 2  2  a  h  A A  a  m  J L F a , y , h  J u m p , L i n k R q i s l € r  ( P ) + 2 - & ; Y - P
4 2  3  a  m  3 8  a  m  J L B a . ' y . m  J u m p , L i n k R 4 i s r € r  ( P ) + 2 + & ; ( Y ) + P

d  a D  d  L J L M d  L 6 c a r J u n p . L r n k M € m o r y  l P ) p + 1 - ( P ) + d ; { P ) + d + 1

4 3  2 0 0  m  8 E  0  m  J L M y , m  J u m p , L h k M 6 m o r y  ( P ) + 2 - Y ; Y + 1 - - P
4 3  3 0 0  m  8 F  0  m  J L M ' y , m  J o m p , L i n k M 6 m o r y  ( P ) + 2 . - { Y ) ; ( Y ) + 1 - P
4 4  O  a  m  S  a  m  J Z F a , m  J u m p z e r o  l l ( f u ) = 0 , { F m ) - P
11 1 d e1 d LJE d Locar Jump Equar 

lrpl??jd"d* 
= * 0.

44  2  a  m 92 a  m JZ6,y ,m Jumpz6.o  i l ( fu ) :0 ,Y*P
4 4  3  a  m  9 3  E  m  J z a , ' y , m  J u m p z o r o  [ ( t u ) : o , ( Y ) - P
45 0 a m 94 a m JNZR a,m Jump Not 2610 il (fu)to, (Rm)-P
45 1 d s5 d LJNE d L6c,r Jump Not Equd 

ltpl??rypdEd6 
r d rcr 0.

e6 a m JNz a.y,m Jump Nol Z€ro ll (fu) * o. Y-P
4 s  3  a  m  9 7  a  m  J N z 4 ' y , m  J u m p N o l z € r o  [ ( & ) : 0 , ( Y F P
46 0 a m 9a a m JPR a.m Juhp PGiriw [ (&)>0. (RmFP
45 1 d es d LJGE d Lear Juhp Gr.ar€r or Equd jr"{!!{"0*o. > - +.

ca a m JP a,y,m Jump Posiriv6 ll (&) > o, Y-P
46 3 a 6 98 a h JP a,'y,m Jump Posiliv€ rl (&)>0. (Y)-P
4 7  0  a  m  9 C  a  m  J N B a , n  J u m p N q a t i v 6  i l ( f u ) < 0 , ( F m ) - P
47 1 d sD d LJLS d L6car Jump L€ ttp{Co) il]^dhile < q -.

4 7  2  a  m  9 E  a  m  J N a , y , m  J u m p N q a { v 6  t ( & ) < O , Y - P
47 3 a m 9F a m JN a,'y,m Jump Nqatve il (fu)<o, (YFP
S 0 a m A O a m F S U R a , m i F r o a t n g P o i n l S u b t a c i { R q t s i s r ) ( f u , R a + r ) ( R i l , R n + r ) - B s , 0 X X

H3i.1""n,, 
""*"50 1  a  m A1 a  m FSU|a ,m rF loa l i .gPo in tSubtad( lnd te !  

f ;L ,Ra+1) - (Y ' ,Y '+1) -R ' ,  
0  X  x

46.=Fa+2,  Ra+3
50 3  a  m A3 a  n  Fsua,y ,m rFroarhgPoh lsubtad( rnd6x)  (aa ,Ra+1) - lY ,Y+r ) -aa ,  0  X  x

Eg{1".*,, ^"*,
51 0 a m a4 a m FAFa.m rFroai insPoinrAdd(F4br") 

f t1"*"1]1i31;,Fm+r-Ra, 
0 x x

5 1  I  a  m  A 5  a  m  F A l a , m  r F l o a l l n g P o i n l A d d ( l n d t e l  
f F & F a + 1 ) + f i ' , Y ' + 1 )  

- R e ,  0  x  x

R6.-.Fa+2, Ra+3

(s) Rn' ls gqe4t tqistil m ol the g*erct 4t not aa&td in bh 11 ol status Pqistet 1

5

CPU BEPEF'ONE (CON'.)

'  
h; ' r -  '
Rss.+&+2 i  Ra+3,

5 2  0  a  m  A 8  a  m  F M R a , m  r F l o a r i n g P o l h t M u l r i p r y { R { r s r € d  ( f u . f u ' r } ' t f u , R
R., B.+r; 86 -R!

52  0  a  m A8 a  m FMRa.m rFroar insPo lh tMuf t ip ,y {R{ ' " ' . . ,  
f f * . , , l , JJ l l , * lT : .4 " , ,

52  1  a  m Ag a  o  FMla ,h  rF loa l ingPo in lMu l l ip ry { lnd toc0  
HL,Ra+r ) ' (Y ' ,Y '+1)  

'3a ,

Rss . - fu+2,  Ra+3
52 3  6  m AB a  m FMa,y ,m rFroar insPornrMur ip ry {nd* )  

f t J1" " . ,1 r1A1 i "1 ) -Ra '8 .+1 i
s3  0  a  m Ac a  h  FoRa,m rFroar lnqPo lnrD lv lde(R69 is t5d  

F3,Fa+1) / (Rm.Rm+r)*F ,
R6m_ -  &+2,  R.+3

FORMAT FOBMAI
INSTRUCTION

a  m  a D  a  m  F O l a , F  , F l o a l i n q P o i n r D i v t d s ( n d t * l  g 6 ! ' , R a + l ) / ( Y ' , Y ' + 1 ) - B a .

n 6 m . - R a + 2 ,  R a + 3

a  h  A F  e  n  F O a , y , f r  f F r @ r h a P o h r O r v r d 6 ( r n d € x )  
s , R a + 1 y t , Y + r )  

. R , , F . + 1 ;

m URR e,m I Load Add€s3 R{lsr€r (Bqrsr64 . (h) ' aRr
m LAB|a,h I Load addr€s Bqisr€r (ndi6l . (Y'PA&
m URM 4y ,ml  road Addr€ss  B€grsr€r  Mu lnprs  .  rY .  . . . ,  Y  I  uFA&, . .  ,A& |  r

m SARR a,m Slor€ Addr66s Rqisr€r (Bqlsl€d ' (ABr)-Rn
m saRra ,h  s lo r€addr€$R4is rer i rnd i re0  . (aBr ) -Y '
h SABM Ay.n Srors Addross Rogist€r Mlrtipro . (A&,...I&+o) - Y,..., Y+u

(lnd€x)

m MORa,h  rV l l r ip lyooubb(Bqb isd  G&+.1xRn.Bm+1) -Ra,R*1 ,

m MDt a.m r Murrpry Doubr6 {tndrdr 
ff;f.6",11..v. 

+ I . n", n"- ,

m MD a,y,m r Mlrtpry ooubr6 (lndd) 
*il.iil1Y, 

Y+1) - u", F,+r,

m ooBs,o  rD iv idsDoubre(B€s is r€ i  
* ; ,T*h" l?1 f l * f fL j .q :

d Dor a,m r Drvrdo ooobro (hdkd) 
Sllll'."1,..":.#;:q0^;lil_rl

m DD e,y,h , Oivido Double (lndor) 9-:i;'A$*'A5it!Y A: j Xl-'l
h LLRS a,m Lqicar Bighr Sinqro shri {Lir6ral) shlff (fu) ilghr m plac6s,2oro llll
m LARS a,m Argebrarc Aighr shoro shiff (Ln6raD shlff (fu) nghr m prac6s, slgn lill
m LLAO a,m Lqicar Flsht Doubl€ Shlff (Lll6ral) Snm(fu, fu+t dghl m dac, 610

n UFO a,m Ab6brdc &hr Odbb Shfr (tI6raD $rnlfu. fu- il ilghr m pl&6. dgn

m LALS a,m Arg6brarc L€( shgr€ shrff (Lri6ral) shiff (fu) 16ff m ple6, z€ro llll
m LcLs a,m ctcurar L6ff shor6 shrh (Lli€ral) shlff (fu) l6lt ctculany m plac6s
m LALo a,m Aro€brarc L€ff oolbr€ shtff (Llr€hl) silhiff (&, fu+i) l€fi m plac€s, zdo

m LCLO a.m Cncurar t6fi Oolbrs Shii (lrbmD snfi1Aa, F6+1) rori ckclraily m

m LSU a,m Subtad {Lil€rsl)

m LSUOa,m SubtadDoub l€(L i ro ra l )  ( fu ,Ra+1) -m "Ra.R.+r
m LA 6,m Add (Ul€ral) (&)+m-Ra

10 9-
ov c(
T--'

0 x

0 x

x x

x x

0 x

0 x

0 x

I :

; ;
o x

0 x

0 x

0 x

o x

0 x

1 1
c
0

0

0

0

0

0

0

o

0
0
0

o

x

0

0
0

:

t
0

0

0

0

0

0

53

53

54
54
54

55
55

56

56

56

m B 0
m A 1
m B o

m A 5

m A 8

m B C

60
60
60

m

61
61
61

6 1

62
62
62
62
63
63
a€

65
65
65
s

67
67
67
70

70

TO

7 1

f2

m C o

m C B

m C E

m O B
m O C

m E B

m E D

m LIR 6,m I Load tnrsr-R69i!i.r (h') - 
"'t",h LMR s,y,m Loed Mullipb-nogisl€r (Y...Y+15-a) - &...Rjs

h BSU e,y,m BIo Subtact (&) - (V)rye - na
h srB e,m I stor€ Inr€r-Rqisi€r (fu) - tu(3)
m SMa a,y,m Stor€ Mlnlpb-Rqi$€r {&...Rjd - (Y...Y+!5-a}

m LAO a,m Add Doubl€ {Lil6ral)

m LL a,m L@d (Lll€ral)

m LC a,m Comp6r6 (Lil€ral)

m LMUL a,m Muhlply {Lt6raD

m LOIV a,m Divido (Lileral)

m SA a,y,m Bi6 Add thdsx)
m Bc a,y,m Btre comparc (ndexi
m uMl o,m U$r Mero (Sofiwa.€)
m UM2 a,m User M&ro (sofiwer€)
m UMI e,n Usr M&ro (Soffwer€)
m UMK s.y,h Us. Mac.o (Soffwa€)

( t u . F a + 1 ) + m  . R a , F a + 1

( & + i ) ' m  -  t u ,  B " + 1
(fu, Fa+i/d - Ra+ri R€d. - Fa

B€qd lder|@ In{tudlons

Mld|gtrwolnslrudldr

BM tf s dc.o lBlrudids

m BCX s,y,h AWh@ end Indq by r (rndd) (Ra): fi)bngilRn) + 1 - Rm
m LPAR a.m I Loed PhFrcarAddr$s {Bqbbd Miry;, (tn+J) - Y".

h LPAI s.m I load Physical Addr€ss {lndt@0 MIP (n,,htu+1) - Y",

h LPAK av,n I Led Phvsicar Addr€6s {consranr} ynrytu9}:]? - 
"".

m Lpaa,y .m lLosdphFicdAddross{nd€x)  ynp!OA; (k+ i l ) -y " ,

MAP (Y,  (h+1)  -  Y" ,

MAP {Y,  ( tu+ t )  "  Y" ,

m rPLl a,m I L@d Phwbal Locaiion (lndter) pn,!*^l 
- v",

m LPL a,y,m l.Load Physicar Lo@ton (h&, 
Iyli.fni,l 

- Y'-,

m SpLta ,h  l s to .€phys i€ tLocs t ion( tndr@0 
(ye i j i t , r  

_y , . ,

m sPLa,y ,m l .s to r€PhFlcdL@al ion( lndd)  Y f l l rm* l -Y"

m SMAP a.y,hl Sror€ Map@



lxPW outrut natRucnds

FOHMAI FORMAT FOFMAT 11 10 9-
o I a m oP a m |NSTRUCT|ON OPEMTION C OVCI
70 0 m @ E0 0 0 Aca 0 chanml contol Madd clsar dl .hann€|5
70 0 @ 04 E0 O 4 ACF 4 Chann€l Contol Enabr€ dt€rner hl€ruds, at

ccR 0.4 chsGrqts€r&ddt hcrst

70 0 m 05 & O 5 ACF 5 Oan.d Contor Di.ebrs qlsr.at Inr€ruets
CCR 0,5 chffnol ai dl chanrelB, C@

tuernd Ini€rupl Enable (ElE) lln6
70 O a 06 E0 a 6 CCF a,6 E.abls Sddd ht€rrupts Enabb Ct@ ttl, Pdodv 2,3,4 - - -

int€iluob. channds 0 to a-l
7 0  0 a 0 7  E 0 a  7  C C F a , 7  O r $ b r e s d d d t n t € r u p t s  D b a b t € C t a t t t , P r b d t y 2 , 3 , 4  -  -  -

Inleilupls, channsE o lo e-l
70 O a 10 €0 E 3 CCF a,8 Sannd Contol Mad6r cbar, channsr a
70 0 a 1r EO a 9 CCF a,9 Ct6ar tnpul on ChanFt a
fO O 6 12 EO a a CCF a,A Clar Ourpui on Chann€l a
70 O a 14 E0 a C CCF a,C Channol Co.tol Enebr€ ext€rnar inrgruols,

chann6l a; Sd Ai€rnal Inl6rupi
E.abl6 lElE) llh6

70 0 a 15 EO a D CCR 6,0 Chan.ol Conrol Dlsbb 6n6rnal Intdlds.chann€t - - -
a, Clsr 6rdner hrsntpr En.br€
(ElE) lhs

70 o a 16 E0 a E CCF a,E Channd Coniiol Enebre Crs ilt, Prtorily 2,3,4 - , -
lnl€rruDt8. channol a

70 o s 17 E0 r F CCF a,F Chan.d Coni.ol Obabb Cr6s U, Pdodry 2.3.4 ,
r.lsrrupB, channot a

INPUT/OUTPUTINSTFUCTIONS COMMANOINSIRUCIIONS

71 2 a 02 E6 e 2 rCK a,y hiriaro Inpur Chaln Y-|OCM2, Inlral€ inFr chd
71 2 a 06 E6 a 6 OCK a,y Initlat€ &rput Chain Y-rOCtr, inrliats outpul chain - - -
f 1 2 a m E6 s m WIMK 4y,m Wdr€ Convol M6mory Y-rOCh, dsnd a
71 2  e  n  E6 s  m WCMKm,yWnr€Conto lM6mq
71 3  a  d  E7 a  m WlMa,y ,m Wi l6conrorM.m4 i l t s tooMm,channda
72 S e h EB a m FIM a,y,m Fd Conkd Mdory Chmnd a,0ocMh) - t

RCM rm v
76 0  a  m Fa a  m s lcFa.m se i ldh tda@conrd  

:€ : ,&r " " " * ,s6r ia tchan.era  
-  -  -

76  3  a  h  FB a  m SSTa,y ,m S loreSor ia lsbr ls  Chendasta i6bns ts rm+Y -  -  -

INPUT/OUTPUT INSTNUCTIONS - CHAIN INSTRUCTIONS

70 2  a  m E2 e  d  LCM| . ,y ,h  LoadContdMmq
70 300 @ E3 0  o  roo ,y  Inpuroah 

{ l ; " t " r * . )  
- " " * ,BAP| rnr t ia l€  -  -  -

70 3 0l 0o E3 1 0 rO 1,y ourpur Daia 
{",j""i"r) 

- 
""*, 

BAp: initiaro - - -

70 3 02 00 E3 2 0 lO 2,y Exl6rnd Fundlon {Y,Y+ 1) - BCW, BAP; Initlat€
tmtor

7 0  3 0 3  @  E 3  3  0  r o 3 , y  F o r @ a b m a r F q n c r o n  
{ Y , Y s i l ) - B C W , B A P | t n t t i a t 6  

-  -  -

71 2 @ 6 E6 0 m LCMK m,y lod Conrol M€mory Y-lOCMm
71 3 @ m E7 0 m LCM m,y L@d Conrol kmory (YFTOCMm
72 3@ m EB 0  m SCMm,y  Sror€Conto lM6mory  ( rOC&n)  -Y
rc 0 m 00 Ec 0 0 HcR Hdrchain Hanchdntry{chd.lng)
73 O 01 @ EC 1 0 lPh Int€rupt Procsor G€mrat. chah t.te(upi {chgrntng) - - -
r c  3 m @  E F  o  0  z F y  z o b F q  0 - Y 1 5 . 1 4
73 3 01 00 EF 1 0 SFy SetFlag 1-Y15.r.
7 3  3 0 2 @  E F  2  0  T F y  i d a n d $ t Y  o - Y l s l 4 d c o D d h l o n
rc  3q  m EF 4  m ZBy,m Cl6a .B l l  O -Ym
7 3  3 O s  n  E F  5  m  S B y , m  S d A l  l - Y m
73 g 07 h EF 7 n Ca y,m Com0ar6 BI ro Zero Yh! $i condhton
74 2@f t  F2  O 0  SJCo.y  Soda lJumpluncondr r ronar )  Uncondn l f fdY+CAPid€dt tq ,  -  -
7a 2 01 @ F2 1 O SJC 1.y S6dal Jump (Condltonat) kd JuBp iteppra

Nli,sH:l#1!FB1s,s,*i;
7a 2@ @ F2 2  0  9C2,v  Sda lJump{Condn iona l )  * ld lmprmodbr l laqd  NoI'l,ft!"+Sl.ltl,:;3'
74 2 04 @ F2 4 0 SMC 4,y S€rlel Jump {Condnbnd) Jump ll @.dnlon bh (bh 15) l. l/O

dalB mrd ls d.
74  2  10  @ F2 I  0  $MC8,y  Sor ia lJump(Cond l r lona l )  Y*CAP{ lnpurBof fe rbedv6
f1  211@ F2 9  0  SJMC9.y  S€ddJump{Condh lond)  Y*CAPl lou tpdButurEedtv€
7a 2126 F2 A 0  SMCA.y  SddJump(Cond l i lona l )  Y-CAPf tudFudbnf f i

l s  6 c l l v s .  N o  j u m P  l o r
M I L - S T D - 1 s C ,  F S - 2 3 2 - C ,  o r

75  0@ m F4 O m SFSCm So*ch lo rsync  MdmtunddsFmi€bndor  -  -  -
70 0 O0 n F8 0 m 6lF m Sed.l Inldffi Cont.ol Sdq cl6r $d.l channd d

70 3@ n FB 0  m CSSly ,h  Sroresod. ls ra tw Sq ld3ra tBbhFrm -Y
7 7  3  a  m  F F  a  m  l l c a , y , m  B u i l r - r n l 6 t G r n  E x 6 c u t € t h 6 t O C B l T 3 o b t . s t  -  -  -

td ML-SfrlW atu &*4 fiq b M tunry M ctuade tfu td VACAGS flq ts d@d frs Mt fiaftctd
ia taBbrd to w,

INSTRUCTION FORIIATS

INSTRUCTION
TYPE

R L

RR
RI, TYPE 2

RI, TYPE 1

RK, RX

8-bit code spsllylng the op€ration; RL formal
onty
General register designator
4-bil lit€ral constant

OP CODE
a
m

v

Cod€ sp€cifylng lh€ op€ration
G€neral rogisttr or subtunction designator
General r€gister or subtunction designator
Displacem€nt valu€ (two's complem€nt)
Addrgss or arlthmetlc constani

INDIRECT WORD FORTAT

t w l
t w 2

ASSIGNED MEI'ORY ADDRESSES

ADDRESS ASSIGNMENT

c0-13F

48-5F

60-61
7A-70

80_BF

NDRO MEMORY

INTERRUPT PROCESSING

COMMAND CELLS, IOC O
BIT SIGNATURE

AUTO START ENTRANCE (NORMAL)

EXTERNAL INTERRUPT
woRD sroRAGE (roc)

a m

J-VALUE OPERAND ADDRESS

0

1

t w 2

lW 2 + (Rx)

lW 2 + (Rm)

lW 2  +  (Rm+1)

J_VALUE OPERAND ADORESS {CASCADEO)

7

10- ' t7

l W a t l W 2

lw at lW 2 + (Rx)

lW at lW 2 + (Rm)

lW ai lW 2 + (Rm+1)

Unasslgned



OPERAND FORMATS

Literal Format - 4-bit unsigned integer

f 3-ft-fi-]-o l
f-----*--'-- 4-bil m-tield ol the RL format instructions

Byte Formal -  8-bi t  unsigned integer

STATUS REGISTER 2 FORMAT

Eits 7-0 are inierpreted as follows

7 6 5 4 3 2 1 0

t t c c c c x x IOC memory  resume er ro r ,  par i t y  e r ro r
instruction fault. or Drotoction fault

0  0  0  0  0  1  0  C P U m e m o r y r e s u m e e r r o . , p a r i t y e r r o r ,
instruction faull or prot€ction fault

Instruction Register Floating poini undertlow or overflow interrupt
b i l s  1 1  -  4

wher€: ll - The IOC number

The channel number, where appropriate; otherwise the
a-field of the command

The IOC instruclion type, as follows:
00 - Input chain
01 - Output chain
1 l - l / O c o m m a n d

OPERAND FORMATION

Double-Length Format Ra,Ra+ 1; Rm,Rm+ 1; y,  y+ 1

Float ing-Poini  Format (Ra),  (Ra+1);  (Rm), (Rm+1); (y),  (y+1)

RADIX POINT

STATUS REGISTER I FORI,|AT

Al low (1) or lock out (0) Class l l
inierrupts

O B

vlo rq-
l l l  1

xoR
vlo 1
010 1
1 l l  0

A N O

4s1
010 0
110  1

(1) or lock out (0) Class I  interrupts

Page register set selection:
00 = Page register st 0
01 = Page register st 1
10 : Pag€ register st 2

ARITHMETIC

00 Zero

0'l Not zero and positive

10 Not used

COMPARE

(RJ:(Rm) or (Y)

(Re)>(R-) or (Y)

Not used
(Ra)<(R-) or (Y)

NORO (0) or main (1) reference

'  MATHPAC opt ion only

# Bits 'l 1 and l0 together lorm the floating point underflow or overflow designator, as
tollows:

0l : Overflow
11 :  Underf low

I

lllegal instruction; memory resume error, parity eftor
fault; or floatino point (FP) interrupt dala'

01 Normal Addressing
'10 Indirtrt Addressing w/o Indexing

11 Indirect Addressing w Indexing

Single-L€ngih Formai

(1) or disable

Al low (1) or lock oui

underf low interrupts

11 Not zero and negative

FORMAT DESCRIPTION

RR

R1,  TYPE 1

R1, TYPE 2

RK

BX Word

RX Byr€

RL

Operand=(Rm)

Local Jump Address Y:(P)+d

Operand al  Y.:(Rm)

Op€rand Y:y+(Rm) i f  m+0
Operand Y:y i t  m:0

Operand at Y:y i f  m=0
Operand at Y:y+(Rm) i l  m*0

Operand at Y upp€r i t  m:0
Operand at Y:(Rm)/2+y i f  m*0
B:(Rm)o

Operand:m (an absolute literal)

MAIN MEMORY ASSIGNiIENTS FOR INTERRUPT HANDLING

FUNCTION

ADDRESS ASSIGNMENT TO CLASS

tl i l l

Store the contents ot P at address

Store ihe cont€nts ot SR1 at address

Store lhe contents ol SR2 at address

Store th€ contents ol BTC lower at address

Store the contents of RTC upper at address

5 6

59

5A

50

5 1

53

4A

49

4B

4F

Reload P with index plus th€ contents of address

Reload SR1 from addr€ss

Reload SR2 from address

5 D

54 4C

4 D

4 E



coRDtc Furcno{a (oPnoxrl IAIrTPAG f{StnucTlotls)

OCTAL
COqNG ruxcTroN INPU PAUMETEFS OUPUT PAUM4EFS

OP

7C 0 3 7 0 a @ 0
R . T

37 0a  0 l -  y @ s d + r s l n d
K

x -  r c r - J d n , 0

2 37 0a 02 o 0

7C 3 37 0. 03 Y - y c G r + x s h , X = r 6 0 - y J n , 0

7C 3 7  0 a g 0 0 ^ -  T

37 0a 05 F H a , r  Y G h v + x s i n h ! --------n:-

7C 3 7 O a G o 0 I

7 37 oa o? X - x c o $ v + y d n h 0
7C 37 0a Ot 3 ln  r .  CG, 0 O,4DBA o
7 C 5 6 3 7  0 e G 0 0

-6h-i I1

7C 7 37 0ao? Yrd=slnh v + cdh - d - 3 i n h v + c o s h ! o

7C 3 7  0 a 0 0 - !3r!
K

---R-

f c r 3 3 ?  0 a c o o

37 0a  Oi 0 0 '- !!_! 99!-! 0

(y tu&kdlmro
I a@b ol Fdatd Tdlmodrh M&

tll 15 of .ll InFt prm.ld. indic.l.. rign 0
db.  1 -  qd lE

Ihc m.rhum v.ls. lo. poalilv. rrlgonom€rrl
d lMla !  dy  tsSO ldm -  0 ,1  0d  i l2  b

0.aB
l r  u d  y  b w o r d m  -  5 . d  2 o 7 c b m  -  7

h rdL Fld ld W E Cmdsl h hyhic t&l
r Mmd bh 2t5 6nd 2r' I

Vtb, r. q|dd h arry Aryk Mffit (WSI An 2rr qsb l&'- S !|,cd & ryd to d r@{r.n sgb ochdl.
.@ s [. diolnl4 hbb & blt l.d lbhnl bn - .NgSl' - 19.7" y/r<.75 tor n : + 6 d r<7W b m - 6.



]{E]TORY ADDNESS GENERATIOI{

PAGE BEGISTER

PAGE
MODIFIED
WHEN SET

gGCUTE
PROTECTED
WHEN SET

WRITE
PROTECTED
WHEN SET

READ
PROTECTED
WHEN SET

INTERRUPT EilTNAilCE ADDRESS INDEX

Class I Interrupl Addrss Index

Class ll lnterruoi Address lndex

Cla$ lll Inlerrupt Addrss Index

' t 1

WOAD B[ |

woRD a[,

WORD BIT *

INTERRUPT PRIONTY

CLASS INTERRUPT BINARY INTERRUPT
CODE

I

HARDWARE

il

SOFTWARE

ill

IOC AND MMIO

1
2

4
c

1

4

7

8

9

1 0

1

4

7
8

Power Fault
IOC M€mory Resumo
IOC Memory Parity
CP Memory Resume
CP Memory Parity

CP Instruction Faull
IOC Instruction Fault (35 RR)
IOC Instructlon Fault
IOC Prot€ct Fault
Floating Polnt
Execuliv6 Relurn
Exsullve Mod6 Fault
CP Prot@t Fault
RTC Ov€rtlow
Monilor Clock

IOC Intercomputer Tlm@ut
IOC External Int€rrupuDl$rst€
IOC Output Chain Int€rrupt
IOC Inpul Chain Intorrupt
MMIO Olscr€te Int€rrupt
MMIO Extornal Int€rrupt
MMIO Output Data Ready
MMIO Input Data Ready

0000
00 10
0100
0010
0 100

00000
000't0
00010
11000
00100
00110
10000
1 1000
01000
010'10

il cccc 110
il cccc 000
il cccc 100
il cccc 010

cc cccc 110
cc cccc 000
cc cccc 100
cc cccc 010

1

2
2

3

4
4
1
2

c

6

6

I

8

8

8

NOTES:
'l Cannot be lock€d out ll-loc Numbsr

2 Inlerruol is lost it locked out C -Chann€l Number

3 Inl€rrupt action is not locked out within the lOC, but the Intgrrupt ls lost ll t@ked
out by the CP

4 No ooeration if locked out

5 One level of queuing

6 One l€vel ot qu€ulng per chann€l

7 Discrelo interrupl tor MIL-STD-188C, VACALES, or RS-232-C S€rlal channels

I Blts 3 throuoh 8 defin€ th€ MMIO channel numbor



VALUE /ALUt
MtL-STD-1397

A . B , C
MtL-STD-1397
TYPE D SERIAL
NAT.STD-4153

MtL-STD-188C,
VACALES

NAT-STO-4156

l6signalor

ngtruclion6,

;haining

0

2

3

4

5

6

7

8

9

B

o

1

2

3

5

7

8

9

B

Input BWC

Input BAP

Input CAP

Output BWC

Output BAP

Ourpd CAP

Ope.aling Mde

Not U$d

nput BWC

nput 8AP

npul cAP

Output BWC

Oulput BAP

Outpul CAP

Op€raling Mode

Input BWC
Input BAP
Inpul CAP

Oulput BWC

Oulput BAP

Output CAP

Suppress

S€rial Mode

lnpul 8wC

Inpui BAP

Input CAP

Outpul BWC

Outpul AAP

Oulpul CAP

"Rsrv€d addr€ss€s may be used for tutur€ €nhancEm€nts

I/O CO}'TROL f,ETONY ADDRESS SELECTIOI{

t/o coNTRoL ilElloRY

r/o 8TATU8 WOnD

CHANNEL NUMBER

CHANNEL
00002 : VACALES SERIAL
00012 : RESERVED
00112 : RESERVED
01002 = MIL-STD-1397 TYPE A, B, C
01012 : MIL-STD-1397 TYPE D
01102 : RS-232-C
01 112 = MIL-STD-188C
10002 : NAT-STD-4153

(M|L-STD-i397 TYPE E)
10012 = NAT-STD-4156
11112:  FESERVED

INPUT CHAIN INTERRUPT PENDING

PENDING

EXTERNAL INTERRUPT ENABLED

Word 0
Word 1
Word 2
Word 3
Word 4
Word 5
Word 6
Word 7
Word I
Word I
Word A
Word B-E

T M  : 0 0  -

T M : 0 1  -
T M = 1 0 -
T M :  1 1  -
P S = 0  -
P S : 1

] , * *

l o**,

Abort ihe transfer. For Input, continue ac€pting the input data, but do nol
wrlls lt Into memory.
Transter 8-blt byts.
Transfer 16-blt words.
Transfer 32-bll double words.
Use page roglstar st 0.
U$ page reglster $t 2 It ths channel numb6r of lhe group is le$ lhan 8;
othoills us page r€glster sel 3.

B = 0 - Most slgnitlcant byt€ wlll bs used when pertorming 8-bit lranst€r8.

B - 'l - L$t signifGni byt€ will be u$d wh€n p€rlorming 8-bli lrilsf€rs. Th€ B-bll

changes slals s each byie transfers.

(1) RS-232-C/MIL-STD-188C only

VACALES OPENATIIIG TODES

STATUA WOND INTERPNETATION

WORD BIT MtL-STD-188C
FUNCTION

RS-232-C
FUNCTION

M|L-STD-188C ANO RS-232-C
DESCRIPTION

2o

2 l

22

*

PARITY ERROR

OVERRUN

BREAK

E ACTIVE

PARITY ERROR
SERIAL CHANNEL
DETECTS A PARITY
ERROR ON AN
INPUT WORD,

OVERRUN

BREAK

CLEAR TO SEND

SERIAL CHANNEL DOES NOT
STORE AN INPUT WORO BEFORE
ANOTHER IS TRANSMITTED.

SERIAL CHANNEL DOES NOI
DETECT A STOP-BIT. (USED IN
ASYNCHRONOUS MODE ONLY)

LINE IS SET "ACTIVE" BY AN
EXTERNAL EOUIPMENT.



M[-STD-1397 PARALLEL OPERATING TODES

MODE REGISTER MODE OF OPERATION

1 5 - 5 4 l 3 l 2 l 1 l o

RESERVT

I
9
9
9
9
9

;

9
9
9
9
9

9
0

9
9

9
l
1
1
'I

9
9
l
l
9
I
l
1

9
l
9
1
9
l
I
'1

COMPUTER TO PERIPHERAL

0 I 0 0 0 ]OMPUTER TO PERIPHERAL _ .16_8IT

0 1 0 0 ]OMPUTER TO COMPUTER - 16_8II

0 1 1 0 UNDEFINED

0 TEST MODE - 15_BIT

0 'I 1 1 0 1 0 ]OMPUTER TO PERIPHERAL - 32_BIT

n 0 ]OMPUTER TO COMPUTEB - 32-AIT

0 1 I 0 :XTERNALLY SPECIFIED ADDRESSING

0 I I JNDEFINED TEST MODE - 32-BIT

0 x x x 'ERIPHERAL INPUT CHANNEL (PIC)

I x x X PERIPHERAL INPUT CHANNEL {PIC)

)1  -  6 -A[  CHARACTER
l0 - 7-BlT CHABACTEF
11 -  8 -B lT  CHARACTER

lF BIT  3  :  1  ( INCLUOES PAFITY)
I - 6-8lT CHARACTER
1 _ 7-8IT CBARACTEF

l0  -  8 -B lT  CHABACTEF

_ OISABLE PABIN CAECKING

0 +  SYNCHRONOUS CHANNET

232 C OPE

ASYNCHFONOUS

00
0 1
o2
03
04
05
06
07

AESEBVEO
BESERVED

50 BAUD
75 SAUD

134.5  AAUD
2OO BAUD
6M EAUD

9SO BAUO
4800 SAUD
18M BAUO
12M BAUD
24M SAUD
300 aAUo
150 BAUD

1oe

13a

1 q

TIL-STD-1397 TYPE D AND ilAT-STD-4lsiI
(llrL-sTD-1397 TYPE E) OP€RAT|NG IilOOES

rr) set by hardwars

TilEMORY MAPPED INPUT/OUTPUT CONTROL AND STATUS REGISTER
SET BY CP/OC. CLEABED BY MMIO WHEN BUS INITIALIATION SIGNAL OCCURS

SET AND CLEAREO BY MMIO WHEN CONDITION OCCUAS:  CLARED BY MMIO WHEN BUS
INITIALIATION SIGNAL OCCUBS

NOTES: {1) NOT MODIHABLE BY UTERNAL EOUIPMENT
(2) NOr MODTFTABLE BY CP OR tOC

MMIO MAIN MEMORY ADDRESS ASSIGNMENTS ARE LIMITEO TO O-8K. EACH MMIO CAANNEL FEOUIRES FOUR
CONSECUTIVE LOCATIONS. MEMOFY ADDBESS ASSIGNMEMS ABE HAf,DWIRED PER USEF OEFINITIONS. MMIO
EXTERNAL4NTEFBUPTS USE THE CLASS II INTERRUPT ENTBANCE AOOBESS.

MEMOBY MAPPEO INPUT/OUTPUT ASSIGNED AODRESSES

AODRESS X _  UTERNAL INTERRUPT WORD
r+1 -  INPUT DATA WORD
x+2 - OUTPUT DATA WORD
x+3 MMIO CONTROL/STATUS WORO

PX 14280 11/a3

'J OISCBEfE INTERRUPT INOICATOR:

1:  EXTEFNAL EOUIPMENT DISCBETE INTERAUPT

coNotloN

0: NO ffERNAL EOUIPMENT DISCRETE INTERBUPT

O: DATA TRANSFERREO TO ilTEBNAL EQUIPMENT

1: DATA WFmEN lN OUTPUT OATA BEGISTER BY

INPUT DATA AEAOY:

1= OATA TBANSFEBBED FBOM EXTEBNAL EOUIPMENT TO

INPUT OATA REGISTEB

0: OAIA TRANSFERREO FROM INPUT DATA REGISTER TO
cPltoc

EXTERNAI INTERFUPT DATA RAOY

1: OATA TBANSF€RBED FROM ilTERNAL EQUIPMENT TO

UTERNAL INTEBFUPT OATA REGISTER

O: DATA TFANSFEBREO FROM ilTEBNAL INTERRUPT OATA

I )  INPUT DATA READY INTEBRUPT ENABLE:  1 :ENABLED

TO COMPUTER. LOOP TEST. 16_8IT

COMPUTER TO COMPUTER. 32-BIT

TO PERIPHERAL. DUAL CHANNEL. 32_BIT

TO COMPUTER. DUAL CHANNEL. 32_BIT


