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FUNCTIONAL UNITS

Unit Time
Functional Unit (Clock Periods) Instructions
Address integer add 2 030, 031
Address multiply 6 032
Scalar integer add g 060, 061
Scalar logical 1 042 - 051
Scalar shift 2 052 ~ 055
3 056, 057
Scalar leading zero/pop count 4 026
3 027
Vector integer add 3 154 - 157
Vector logical 2 140 ~ 147, 175
Vector shift 4 150 - 163
Floating point add 6 062, 063, 170 - 173
Floating point multiply /L 064 - 067, 160 - 167
Floating point reciprocal 14 070, 174
Memory. 6 ihayy by
EXCHANGE PACKAGE
0 2 1012 1618 24 31 36 40 63
5 E[f s |[r] 8] P A0
n+l RA 22 7 Al
S LA M A2
et xa v [F A3
s A4
e A8
G A6
ne 7 &
nes 50
n+9 ik
n+10 e
ntil 53
n+i2 D
n+ i3 22
n+ 4 S
n+15 g
M - Modes? Registers
36 Interrupt on correctable S Syndrome bits
Jilohys Grvor RAB Read address for error
37 Interrupt on floating point (where B is bank)
38 Interrupt on uncorrectable P Program address
Oy enron BA Base address
£ UOniEsle el LA Limit address
Bt XA Exchange address
31 Console interrupt S Vecovle el
32 RTC interrupt E - Error type (bits 0,1)
33 Floating point error 10 Uncorrectable memory
34 Operand range 01 Correctable memory
35 Program range
36 Memory error R - Read mode (bits 10,11)
37 1/0 interrupt 00 Scalar
38 Error exit 01 1/0
39 Normal exit 10 Vector
11 Fetch

TBit position from left of word
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CHARACTER SET

CHAR ASCIT ASCIT CHAR ASCIT ASCTT
CARD CODE CARD CODE
NUL 000 12-0-9-8-1 e 100 8-4
SOH 001 12-9-1 A 101 12-1
SIX 002 12-9-2 B 102 12-2
ETX 003 12-9-3 @ 103 12-3
EOT 004 9-7 D 104 12-4
1N 005 0-9-8-5 E 105 12-5
ACK 006 0-9-8-6 F 106 12-6
BEL 007 0-9-8-7 G 107 12-7
Bs 010 11-9-6 H 110 12-8
HI 011 12-9-5 1 111 12-9
L 012 0-9-5 J 112 11-1
VI 013 12-9-8-3 K 113 11-2
I 014 12-9-8-4 I 114 11-3
CRr 015 12-9-8-5 M 115 11-4
50 016 12-9-8-6 N 116 11-5
81 017 12-9-8-7 0 117 11-6
DL 020 12-11-9-8-1 P 120 11-7
11 021 11-9-1 Q 121 11-8
12 022 11-9-2 R 122 11-9
1853 023 11-9-3 S 123 0-2
14 024 4-8-9 it 124 0-3
NAK 025 9-8-5 U 125 0-4
SYN 026 9-2 v 126 0-5
1B 027 0-9-6 W 127 0-6
CAN 030 11-9-8 X 130 0-7
M 031 11-9-8-1 Vi 131 0-8
SUB 032 9-8-7 7 132 0-9
1SC 033 0-9-7 [ 133 12-8-2
8 034 11-9-8-4 \ 134 0-8-2
68 035 11-9-8-5 g 135 11-8-2
RS 036 11-9-8-6 2 136 11-8-7
us 037 11-9-8-7 % 137 0-8-5
Space 040 None \ 140 8-1
! 041 12-8-7 a 141 12-0-1
il 042 8-7 b 142 12-0-2
¥’ 043 8-3 c 143 12-0-3
§ 044 11-8-3 d 144 12-0-4
(] 045 0-8-4 e 145 12-0-5
A 046 12 £ 146 12-0-6
| 047 8-5 g 147 12-0-7
( 050 12-8-5 h 150 12-0-8
) 051 11-8-5 i 151 12-0-9
H 052 11-8-4 j 152 12-11-1
l 053 12-8-6 k 153 12-11-2
. 054 0-8-3 1 154 12-11-3
055 11 m 155 12-11-4
’ 056 12-8-3 n 156 12-11-5
/ 057 0-1 0 157 12-11-6
0 060 0 p 160 12-11-7
1 061 il q 161 12-11-8
2 062 2 r 162 12-11-9
4 065 3 5 163 11-0-2
4 064 4 { 164 11-0-3
5 065 5 1 165 11-0-4
[ 066 6 v 166 11-0-5
1 067 7 W 167 11-0-6
(] 070 8 X 170 11-0-7
0 071 9 y 171 11-0-8
072 8-2 2 172 11-0-9
! 073 11-8-6 { 173 12-0
074 12-8-4 : 174 12-11
- 075 8-6 } 175 11-0
076 0-8-6 o 176 11-0-1
] 077 0-8-7 DEL 177 12-9-7
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Integer constant

T

Floating point constant

DATA FORMATS

LI ]

SIGN

2's COMPLEMENT INTEGER (24 BITS)

! o

SIGN

2's COMPLEMENT INTEGER (64 BITS)

BINARY POINT
v
1 § 15 16 63
| 1 4

COEFFICIENT

SIGN EXPONENT

SIGNED MAGNITUDE FLOATING POINT (64 BITS)

CONSTANT AND DATA NOTATION

Character constant

A H
2C£ ['character string'] 3L€
E R

Character data

X!
or
!

0' integer. / En S#n
3D % [1nteger.fract1oﬁ} Dtn {Sn }

Efn

Zoj [ (o

A
%CE ['character string'] {count}’
E

1

.fraction On

Numeric data

Etn
0 & ;
; S Same as constant but may be preceded
30'% [integer] "Egn {Snn} ; p
X! (Dn by sign {#}

FATAL ERRORS |

Name, symbol, constant or data item error

Double defined symbol or duplicate parameter name
Definition or conditional sequence illegally nested
Too many entries or entry missing

Instruction placement error

Location field error

Relocatable field error

Operand field error

Programmer error

Result field error

sSyntax error

Type error

Undeflined symbol or operation

Register expression or field width error
ixpression error

WARNING ERRORS

Location field symbol ignored
fad location symbol

Expression element type error
Possible symbolic machine instruction error
runcation error

Location field symbol not defined



INSTRUCTIONS i

t044130 Si Sj&SB Sign bit of (Sj) to Si
ﬁ T044130 Shit SB§S] Sitgniiba BEo LS i)t oNSHINIET 703
i T0451ijk S #Sk§Sj Logical product of (Sj) and 1's
000xxx ERR Error exit (£ complement of (Sk) to Si
T000ijk  ERR exp Error exit {f 045150  Si #SB&Sj  (Sj) with sign bit cleared to Si
0010jk CALAj Ak Set the channel (Aj) current address to L 04613k Si S \sk Logical difference of (Sj) and (Sk) to Si
(loiangibecumithio /0 - Saucnce +046150  Si Si\SB  Toggle sign bit of Sj, then enter into Si
00113k  CL,Aj Ak Ste e el 00 ) e ettt ool +046150  Si SB\Sj  Toggle sign bit of Sj, then enter into §i (j#0)
= G Crecs cni i) bf 047ijk Si #Sj\Sk  Logical equivalence of (Sk) and (Sj) to Si
g A it A SR G ) { 104710k Sl #Sk Transmit 1's complement of (Sk) to Si
001475x RT Sj Enter real-time clock register with (Sj) £047170 i #S3\SB Pomicat laquvat ence: of (G and sign
0020xk VL Ak Transmit (Ak) to VL register bit to Si
t0020x0 VL 1 Transmit 1 to VL register f +047130 S #SB\Sj Logical equivalence of (Sj) and sign
0021xx EFI Enable interrupt on floating point error bit to Si (j#0)
0022xx  DEI Disable interrupt on floating point error 1047100  Si #SB Enter 1's complement of sign bit into §i
003xjx VM Sj Transmit (Sj) to VM register ! 050ijk Si SjlSig&Sk Logica% produgt of (S1) and [SE} complement
+003x0x VM 0 Clear VM register e | iy el ' oY ORed with loglcal‘?roduct ?f (hf) uﬁd {fk) 1o (il
004xxx EX NomN T ofcratars 1 f i ORS Sj!1Si§SB Egaéir merge of (Si) and sign bit of (8])
gy A =29y Normal exit § 0101!f 051ijk  Si Sj'sk  Logical sum of (Sj) and (Sk) to i
0SRG2 Bk SUIply EORI(E 7 MO TRl rostion  si Sk Transmit (Sk) to Si
ootk e Jurpiosex: | ol $051130  Si 5188 Logical sum of (Sj) and sign bit to Si
007ijkm R exp Return jump to exp; set B0O to P OR 1100 |/ OSSR SB!Sj Logical sum of (Sj) and sign bit to 81 (j#0)
LT e Biran chieoficxp iGN = L | R SB Enter sign bit into Si
011ijkm JAN exp Branch to exp if (A0) # 0 XBR ?%8é‘; 052ijk SO Si<exp  Shift (Si) Lefit exp = jk places ta S0
012ijkm JAP exp Branch to exp if (A0) positive 1001 ' 053ijk SO Si>exp  Shift (Si) right exp = 64-jk places to S0
013ijkm JAM exp Branch to exp if (A0) negative f: 0541k Si Si<exp Shift (Si) left exp = jk places
014ijkm JSZ exp Branch o exp if (S0) =0 \ 0551k Si st ShiGt (S )lrieht iexp = 64%jk places
ULBHGIGE JE cp Branch to exp if (50) # 0 056ijk  Si Si,Sj<Ak Shift (Si and Sj) left (Ak) places to §i
Waoialion & JSE & Branch to exp if (50) positive Mo icer [ vatlue ||  *os6ijo si Si,Sj<1 Shift (Si and Sj) left onme place to Si
017ijkm JSM exp Branch to exp if (S0) n?gative R ; “ e SHCAR ShiEr s lert () pises solst
°2°ijkmz Eiendt capis i MLt o R 057ijk  Si $j,Si>Ak Shift (Sj and §i) right (AK) places to §i
02135km { Al Cacp 2Ea?i$i€oexg = 1's complement Aj: 3=0 0 HSTA S Sj,Si>1 Shift (Sj and Si) right one place to Si
0224k ) Transmit exp = jk to Ai Ak, k=0 | 105710k  Si Sis>Ak Shift (Si) right (Ak) places to Si
023ijx Al Sj Transmit (5j) ta Ai Si, =0 (s0) | 0601ijk Sl Sj+Sk Integer sum of (Sj) and (Sk) to Si
024ijk  Ai Bjk Transmit (Bjk) to Ai Sil. =0 0 ‘ 061ijk Si Sj-Sk Integer difference of (Sj) and (Sk) to Si
025ijk Bjk Ai Transmit (Ai) to Bjk Sk, k=0 263 || f06110k Si -Sk Transmit negative of (Sk) to Si
026ijx Al PSj Population count of (Sj) to Ai ‘/ 0623k 151 Sj+ESk Floating sum of (Sj) and (Sk) to Si
024715 OREAG 75j Leading zero count of (Sj) to Ai {{ 06210k 53 +ESk Normalize (Sk) to Si
030136 AT Aj+Ak Integer sum of (Aj) and (Ak) to Al J 063ijk s Sj-FSk Floating difference of (Sj) and (Sk) to Si
+030i0k  Ai Ak Transmit (Ak) to Ai 11t +06310k ST -FSk Transmit normalized negative of (Sk) to Si
+0301j0  Ai Aj+1 Integer sum of (Aj) and 1 to Ai ? 064ijk  Si Sj*FSk Floating product of (Sj) and (Sk) to Si
031ijk Al Aj-Ak Integervda fiferencerof (Al e ssi Al EoNA! }, 0653 71c ST Sj*HSk Ig;lfsﬁn)rec;rilzi?gﬁoggdz? floating product
031%00 A? 5 Transm%t B . ? b 0661jk Si S *RSk Full precision rounded floating product
03110k Al -Ak Transmit the negative of (Ak) to Ai i’ of (Sj) and (Sk) to Si
031ij0 Al Aj-1 Integer difference of (Aj) less 1 to Al i 067ijk  Si Sj*ISk 2 - Floating product of (8j) and (8k) to Si
032ijk  Ai Aj*Ak Integer product of (Aj) and (Ak) to Al | 07035% © Si /HSj Floating reciprocal approximation of
03510x A1 CI Channel number to Ai (j=0) (8j) to Si
D330 CA,Aj Address of channel (Aj) to Ai (j#0; k=0) } 071550k St Ak Transmit (Ak) to Si with no sign extension
033131 AL CE,Aj Error flag of channel (Aj) to Ai (J£0; k=1) { 75l e +Ak Transmit (Ak) to 8i with sign extension
034ijk Bjk,Ai ,AD Read (Ai) words to B register jk from (AQ) iy Wi 81 +FAk Eiizi?i; ég?%ttgugioﬁs unnormalized
T0341ijk Bjk,Ai 0,A0 Read (A1) words to B register jk from (A0) [ 0714 3x si 0.6 Paremsit Cona Eant: DA TENGANAR 6. &
035??k e B?k’AT Srons (A?] ponle aoh reg?ster %k cor i “ 07114x Si 0.4 Transmit constant 0.5 to 8i
T0351ijk 0,A0 Bjk,AL Store (Ai) words at B register jk to (A0) / 071i5x  Si 4 B ahe e SO e e
etk Likat 7l REad ), omas: torT eg Ster ok ronEEy 07116X {5l Z. Transmit constant 2.0 to 81
0B 0N KT AGE 0,A0 Read (A1) words to T register jk from (AQ) { 07117x Sh 4 Transmit constant 4.0 to 8
037ijk  ,A0 Tjk,Ai  Store (Ai) words at T register jk to (A0) ‘ 072ixx  Si RT Transmit {RIC) to §
t037ijk 0,A0 Tik,Al Store (A1) words at T register jk to (A0) ' 0735 xx si i Transmit (VM) to §i
0401ka} g ot Transmit jkm to Si } 074ijk  Si Tik Transmit (Tjk) to Si
0411jkm Transmit exp = 1's complement of jkm to Si f 0751jk Tjk Si Transmit (§1) 0 TIK
042ijk  si <exp Form 1's mask exp = 64-jk bits in Si from ) 076ijk  Si Vj , Ak Transmit (Vj, element (Ak)) to §
Si #>exp the right 077ijk  Vi,Ak Sy Transmit (Sj) to Vi element (Ak)
042177  Si 1 Enter 1 into Si { 107710k  Vi,Ak 0 Clear Vi element (Ak)
+042100 ST =1 Enteni= i ntoNs 1 | 10hijkm Ai exp ,Ah Read from ((Ah) + exp) to Al (A0=0)
el o sexn Form 1's mask exp = jk bits in Si from | t100ijim Al exn, 0 Read £rom (exp) to Al
1043100  Si 0 : gf:a:egz ; o i s L (CXP)_IO i
04413k S Sj &Sk Logical product of (Sj) and (Sk) oS . ! i e 40 Regelelran R U8 O
—_— [

f Special syntax form ’ x = Field not used by hardware; assembler H
++ Privileged to monitor mode ) generates zero in this position.



11hi jkm
+1104 j km
$1104j km
T11hi000
12hijkm
11204 j km
+1204 5 km
#12h4000
13hd jkm
+1304 jkm
+1304 jkm
+13hi000
1404k
140100
14115k
14219k
14210k
143ijk
14415k
14515k
146ijk

+14640k
14745

15044k
+1501§0
15145k
#151150
15244k
+152450
15347k
153130
15415k
15513k
156ijk
+15610k
1574k
16047k
16135k
16243k

163ijk
164iik
165ijk
1664jk
16715k

170ijk
+17010Kk
17115k
17215k
+17240k
17313k
17415
175%50
175x51
175x52
175x3 3
176ixk
+1761x0
177%5k

+177x30

oxp,Ah
axp,.0

exp,

oxp,Ah
exp,0
oxn
,Ah
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi

Vi
Vi

Vi
Vi
Vi
Vi
Vi

Vi

M

52323

A0, Ak

SAD, 1

Ad

Ad

Al

Al
oxp, Al
exp,0
exXp,

yAh

89 8Vk

0

ViGVk

81 1Vk

VK

Vjlvk
SI\Vk
Vi\Vk

89 LVKGVM

VMV
Vit VKGVM

Vj <Ak
Vi<l
Vj>Ak
Vi1
Vi, Vi <Ak
Vi, Vi<l
Vi, Vj>Ak
Vi, Vi>1
83 +Vk
Vi+Vk

Sj ~Vk
-k

Vi -Vk
S§*EVk
V3 *FVk
Sj*HVk

Vi *HVkK
Sj*RVk
Vj*RVk
Sj*IVk
Vi*IVk

SjtFvk
+FVk
Vj+FVk
8] -FVk
-FVk
Vj -RVk
JHV

Vi,
Vi ,N
V3 ,P
Vi, M
A0, Ak
A0, 1
V3

V3

() o)
(A1) to
(A1) to exp

Store (Ai) to (Ah)

CCAR) NN e xp I EeN ST
exp to Si

eXp! Lol ST

(Ah) to Si

(8i) to (Ah) + exp (A0=0)

(BT)Ito exp

(1) to exp

Store (Si) to (Ah)

Logical products of (Sj) and (Vk) to Vi
Clear Vi

Logical products of (Vj) and (VK) to Vi
Logical sums of (Sj) and (Vk) to Vi
Transmit (Vk) to Vi

Logical sums of (Vj) and (Vk) to Vi
Logical differences of (Sj) and (Vk) to
Logical differences of (Vj) and (Vk) to
Transmit (Sj) if VM bit = 1 (@(Vk) if

VM bit = 0 to Vi

Vector merge of (Vk) and 0 to Vi

Transmit (V) if VM bit = 13 (Vk) if
VMDD it =80 el Vi

Shift (Vj) left (Ak) places to Vi

Shift (Vj) left one place to Vi

Shift (Vj) right (Ak) places to Vi

Shlift (Ve frhtSonespiaceEoR

Double shift (Vj) left (Ak) places to Vi
Double shift (Vj) left one place to Vi
Double shift (Vj) right (Ak) places to Vi
Double shift (Vj) right one place to Vi
Integer sums of (Sj) and (Vk) to Vi
Integer sums of (Vj) and (Vk) to Vi
Integer differences of (Sj) and (Vk) to Vi
Transmit negative of (Vk) to Vi

Integer differences of (Vj) and (VkK) to Vi
Floating products of (Sj) and (Vk) to Vi
Floating products of (Vj) and (Vk) to Vi

Half precision rounded floating products
of (Sj) and (Vk) to Vi

Half precision rounded floating products
of (Vj) and (Vk) to Vi

Rounded floating products of (Sj) and
(Vk) to Vi

Rounded floating products of (Vj) and
(Vk) to Vi

2 - floating products of (Sj) and
(Vk) to Vi

2 - floating products of (Vj) and
(Vk) to Vi

Floating sums of (Sj) and (Vk) to Vi
Normalize (Vk) to Vi

Store (Ah) + exp (A0=0)

Store exp
Store
Read from (A0=0)
Read from
Read from
Read from
Store
Store

Store

Vi
Vi

Floating sums of (Vj) and (Vk) to Vi
Floating differences of (Sj) and (Vk) to Vi
Transmit normalized negatives of (Vk) to Vi
Floating differences of (Vj) and (Vk) to Vi
Floating reciprocal approximations of

Vi) to Vi

VM=1 where (Vj) = 0

VM=1 where (Vj) # 0

VM=1 where (Vj) positive

VM=1 where (Vj) negative

Read (VL) words to Vi from (AO0)
incremented by (Ak)

Read (VL) words to Vi from (A0)
incremented by

Store (VL) words from Vj to (AQ)
incremented by (Ak)

Store (VL) words from Vj to (AD)
incremented by 1

PSEUDO INSTRUCTIONS

CONDITIONAL ASSEMBLY
att
PROGRAM CONTROL s
ifname IFA  att,exp PA  parcel
IEA  att,exp,count WA word
IDENT name ifname IFE .e%p1,0p,expy VAL value
END name. IFE  expy,0psexpy,count EXT external
ABS X ! ifname 1FC  'string,'sop, 'string,' REC relocatable
COMMENT  "stzing’ IFC  'string',op, 'string,',count ABS absolute
ifname SKIP count COM  common
ifname ENDIF DEF defined
Zfnome  ELSE SET SET-defined
REG register
BLOCK CONTROL MIC micro
(# may precede att)
BLOCK name
COMMON name CODE DUPLICATION
. ORG exp
symbol  BSS exp dupname DUP times
LoC exp DUP times, count
BITW eap dupname ECHO er=(Listy),eo=(Lists), . . .e =(list )
BITP eap dupname ENDDUP
dupnome STOPDUP
LOADER LINKAGE LISTING CONTROL
op
ENTRY name; s names , « .« , naAme T
EXT e s name LIST OP150P25 -+ - 0D, E?g “E?S
START  name & S Hamn MAC  NMAC
v TITLE 'string" MIC  NMIC
{ERECUITROL SUBTITLE ‘string’ MIF  NMIF
< ON OFF
‘BASE 0 or D or M AREC ANXRE
QUAL qualification
SYMBOL DEFINITION
ERROR CONTROL
symbol = exp,att
code ERROR symbol SET exp,att
Code R ERRIE expy,0p, 6Py att: P or Wor V or blank
op: LT LE GE GE EQ NE
code: see Fatal or Warning Errors
DATA DEFINITION
MICROS
e MICRO Tstring ', expy,eaps fymio} gggz AP EXP oy« - - 5 EXD
name MICRO 'string ', expy oo 7
hE iy symbol DATA datay ,datay, - .. ,data.
name MICRO string aymbol VWD _ 7
name 0CTMIC exp, count T 71/ DL N2/CTD 0, - - o /D,
name DECMIC exp,count symbol VRD n;/explfnz/exvz,...,nm/empm
REP Ct,swa,ine,bsz
MACRO DEFINITION OPDEF DEFINITION
. VACRO name  OPDEF
P fggXL ?1;P2:---,Pnjel=d1;62=d2,...,em:dm lfp  synres synop
: 8Yi %,...,symr »e iy LOCAL  symys - -5 8YMy
B body of definition) : (body of definition)
name DM name  ENDM
namey OPSYN  name,
CAL (ABORT ,B=bdn,E=edn,I=idn,L=1dn,LIST=name,S=sdn,options)
ABORT  omitted Do not abort L omitted List output on $OUT
ABORT Abort on assembly L=0 No 1ist output
error L=1dn List output on ldn
B omitted Binary on $BLD LIST omitted A1l LIST pseudos
B=0 No binary activated
B=bdn Binary on bdn LIST=name Matching name not
E omitted No error listing iojonee
E Error list on $OUT S omitted $SYSTXT
E=edn Error list on edn, S=0 No system text
unless edn=1dn, S=sdn System text on sdn
ClengnoRL options: See LIST pseudo
1 omitted Source on $IN
I=idn Source on idn
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