
FUNCTIONAL UNITS 
Unit Time 

Functional Unit (Cleek Per iods ) I n ~tru ction s 

Address integer add 2 030, 031 

Address multiply 6 03?. 

Scalar integer add 3 060, 061 

Scalar logical 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 - 153 

Floating point add 6 062, 06 3, 170 - 173 

Fl oati rig point multiply 7 064 - 067 , 160 - 167 

Floating point reci pro ca 1 14 070' 174 

Memory 6 176 . 177 

EXCHANGE PACKAGE 

n 

n + I 

n + 2 

n+ 3 

n + 4 

n +!I 

n + 6 

n + 7 

n + B 

n+s 

n + 10 

n + 11 

n + 12 

0 2 10 12 16 18 24 40 
AO 

A2 

A3 

A4 

All 

A6 

A7 

so 
SI 

52 

53 

S4 

63 

n+l3 t---~~~~~~~~~~~~S-5~~~~~~~-~~~~~---1 
n+l4 t-~~~~~~~~~~~~S-6~~~~~~~~~~~~~ 
n + 111 57 

M - Modest 

36 Interrupt on correctable 
memory error 

37 Interrupt on floating po i nt 
38 Interrupt on uncorrectable 

memory error 
39 Monitor mode 

F - Flagst 

31 Console interrupt 
32 RTC interrupt 
33 Floating point error 
34 Operand range 
35 Program range 
36 Memory error 
37 I/0 interrupt 
38 Error exit 
39 Normal exit 

ts;t position from left of word 

Reg i sters 
S Syndrome bits 

RAB Read address for error 
(where B is bank) 

P Program address 
BA Base address 
LA Limit address 
XA Exchange address 
VL Vector length 

E - Error type (bits 0,1) 
10 Uncorrectable memory 
01 Correctable memory 

R - Read mode (bits 10 ,11) 
00 Scalar 
01 I/O 
10 Vector 
11 Fetch 

THE CRAY -1 ® 

COMPUTER 
..- -

2240003 r Copyrinhr'J 10 11 hy Cnoy ""'"''" h, ltu 

BLOCK DIAGRAM OF REGISTERS 

MEMORY 

TOO 
(M through 

((Ah) + j km ) 

(AO) BOO 
through 

077 

( (Ah) + j km ) 

00 

•1 

T77 

VECTOR REGISTERS 

Vector 
C o n~rol 

Sj 
Vj 

Vk 

Vj 

RTC Sk 

Add 

VECTOR 

SI FLOATl Nfi 
L_]!:VM~ _ _J--5""1.1T-l~J POT N'l ~I 

SCALAR REGISTERS 

I 

' 

SC I\ \ M 

/\ tl•1 l~J 1 

Ak i Ak 1 
ADDH I '• '• 

~l=11 lj ~1, 
11 1111,: 
~111 : 
I Cl 11 

2 

FUNCTION/\\. UN f J ', 
1/0 

control 

p 

. 
Execution I llP ~ • 

INSTRUCTION BUFFERS 



NUL 

SOI I 

STX 
l!TX 

J;C'YI' 

llN<l 

ACK 

111:1. 

Wi 

lfl' 

I.I' 

V'I' 

Iii ' 

Cit 

I 

$ 

I) 

,, 

ASCII 

000 

001 

002 

003 

004 

005 

006 

007 

010 

011 

012 

013 

014 

015 

016 

017 

020 

021 

022 

023 

024 

025 

026 

027 

030 

031 

032 

033 

034 

035 

036 

037 

040 

041 

042 

043 

044 

04 5 

046 

04 7 

050 

051 

052 

05 3 

054 

055 

056 

057 

060 

061 

062 

063 

064 

065 

066 

067 

070 

071 

072 

073 

074 

075 

076 

077 

CHARACTER SET 

ASCII 
CARD CODE 

12-0-9-8-1 

12-9-1 

12-9- 2 

12-9-3 

9- 7 

0-9-8-5 

0-9-8-6 

0-9-8- 7 

11-9-6 

12-9-5 

0-9-5 

12-9-8-3 

12-9-8-4 

12-9-8-5 

12-9-8-6 

12 -9- 8-7 

12-11-9-8-1 

11-9-1 

11-9-2 

11-9-3 

4- 8-9 

9-8-5 

9-2 

0-9-6 

11- 9-8 

11-9-8-1 

9- 8- 7 

0-9-7 

11-9-8-4 

11-9-8-5 

11-9-8-6 

11-9-8-7 

None 

12-8-7 

8-7 

8-3 

11-8-3 

0-8-4 

12 

8-5 

12-8-5 

11-8-5 

11 -8 -4 

12- 8- 6 

0-8-3 

11 

12- 8-3 

0-1 

5 

6 

8 

9 
8-2 

11 -8-6 

12-8-4 

8- 6 

0-8-6 

0-8- 7 

A 

B 

c 
D 

E 

F 

G 

H 

J 

K 

L 

M 
N 

0 
p 

Q 

R 

s 
T 

u 
v 
\'/ 

x 
y 

z 
[ 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

k 

m 

ti 

0 

p 

q 

I I 

v 

x 
y 

111!1. 

ASCII 

100 

101 

102 

103 

104 

105 

106 

107 

110 

111 

112 

113 

114 

115 

116 

117 

120 

121 

122 

123 

124 

125 

126 

127 

130 

131 

132 

133 

134 

135 

136 

137 

140 

141 

142 

143 

144 

145 

146 

147 

150 

151 

152 

153 

154 

155 

156 

LS7 

160 

l 6 I 

l 62 

16'.I 

164 

165 

166 

l b7 

170 

l 7l 

172 

l 73 

174 

175 

176 

177 

ASCII 
CARD CODE 

8-4 

12-1 

12-2 

12- 3 

12 -4 

12-5 

12 -6 

12 -7 

12-8 

12 -9 

11 -1 

11- 2 

11-3 

11 -4 

11 -5 

11-6 

11 - 7 

11 -8 

11- 9 

0-2 

0-3 

0-4 

0-5 

0- 6 

0-7 

0-8 

0-9 

12-8 -2 

0-8 - 2 

11 -8-2 

11-8-7 

0-8-5 

8- 1 

12-0-1 

12 - 0- 2 

12- 0-3 

12-0- 4 

12-0- 5 

12 -0 - 6 

12- 0-7 

12- 0-8 

12- 0- 9 

l 2-ll -l 

12-11 -2 

12-11 -3 

12-11 - 4 

12-11 -5 

12-11 -6 

12- 11 - 7 

12-11- 8 

12- 11 - 9 

11 -0-2 

11-0-3 

l l -0-4 

ll -0-5 

11 - 0- 6 

11 - 0-7 

11 - 0-8 

11 - (l-9 

12- 0 

12- 11 

11 -0 

11 - 0-1 

12-9- 7 

I I 
SIGN 

SIGN 

DATA FORMATS 

2's COMP LE MENT INTEGER (24 BITS) 

2'1 COMPLEMENT INTEGER (64 BITS) 

BINA R Y PO INT 

" 0 I I ~ 16 ., 

SIGN EM PONENT COEFFICIENT 

SIGNED MAGN ITUDE FLOATING POINT (64 BITS) 

CONSTANT AND DATA NOTATION 

Integer cons t ant Character constant 

lo' I { s+n} ,~ : 1 [intege r] s=n J~~ ['character string'] g\ 
Fl 0o~tin[: ptoint constant] IE±nl 

in eger. En s+n 
j D' I integer. fract~on o±n {s~ } 
) x' \ . fraction On 

Character data 

. l~\ ['character string'] {count} g ~ 
or Numeric data 

. En S±n I E±nl 
[in teger] ~~n {sn } 

Sarne as constant but may be preceded 

c 
ll 
H 
i: 
I 
I. 
N 
(l 

I' 
I( 

" ,, 
'I' 
II 
v 
x 

bysign{n 

FATAL ERRORS 

N: 1111 t', s y1111l I , c on stant or data i t e rn error 
llo11hl ' d<.! f i ned symbo l or duplicate p arameter name 
lh· l i ni lion o r condition a l seque n c e illegally n e st e d 
Tn n 111: 111 y l' ll r r i es or e ntry missing 
111 •.1 rn n ion placement e rror 
l.rn 11 1 i 011 !' i e Id erro r 
l(l' l 11c :1l :i hl l1 l' i e ld e r r or 
O p 1• 1~:1 11d i" i<• l d er r o r 
I' r'ng 1·; 1111111l' r <' r r or 
lit" .11 It Ii (' It! e rr or 
:;y 11t11 x t' 1· ro r 
'l'y pl' "I' 1'111' 
1! 11 d1 • I i nvd symbo L or o p e ration 
ll1 ·f~ 1 •, I<' r ex pr ess i. on o r field width error 
I; x p I' I ",•: i o 11 <.! r r or 

WARNING ERRORS 

I"""' I i 11 11 I' i e I cl symbol i gnored 
1\.1 .! I nr: 1 t i on symbol 
l.x p1 1",•:io 11 l~ l erncnt type error 
l'n " '• i Ii I <' sy mbo l i. c ma ch i ne instruction error 
'1'1 ·111H:1t i o n 1: rr o r 
l . 11~ , 1 t I 011 1· i <.! Id symbol not defined 



OOOxxx 

tOOOijk 

OOlOjk 

OOlljk 

0012jx 

0013jx 

0014jx 

0020xk 

toozoxo 
002lxx 
0022xx 

003xjx 

t003xOx 

004xxx 

t004ijk 

OOSxjk 

006ijkm 

007ijkm 

OlOijkm 

Ollijkm 

ERR 

ERR 

CA,Aj 

CL,Aj 

CI ,Aj 

XA 

RT 

VL 

VL 
EFI 

DFI 
VM 

VM 

EX 

EX 

J 

J 

R 

JAZ 

JAN 

OlZijkm JAP 

013ijkm JAM 

014ijkm JSZ 

OlSijkm JSN 

016ijkm JSP 

017ijkm JSM 

020ij km l 
02lijkm Ai 

022ijk 

023ijx Ai 

024ijk Ai 
02Sijk Bjk 

026ijx Ai 

027ij0 Ai 

030ijk Ai 

t030i0k Ai 

t030 i j0 Ai 

03lijk Ai 

03li00 Ai 

031i0k Ai 

03lij0 Ai 
032ijk Ai 
033i0x Ai 

033ij0 Ai 

033ijl 

034ijk 

t 034ij k 

03Sijk 

t03Sij k 

036i j k 

t036ijk 

037ijk 

t037ijk 

Ai 

Bjk,Ai 

Bjk,Ai 

,AO 

0 ,AO 

Tjk,Ai 

Tjk,Ai 

, AO 

0 ,AO 

040ijkm} 
Si 

041ijkm 

042ijk Si 
Si 

t042i77 Si 
+042i00 Si 

043 i jk Si 

t043i00 

04 4 ij k 

Si 

Si 

Si 

exp 

Ak 

Ak 

Aj 

Sj 

Ak 

Sj 

0 

exp 

Bjk 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 
exp 

exp 

Sj 

Bjk 

Ai 

PSj 

ZSj 

Aj+Ak 

Ak 

Aj +l 

Aj -Ak 

-1 

- Ak 

Aj -1 

Aj*Ak 
CI 

CA,Aj 

CE, /\j 

,AO 

0 , AO 

Bjk,Ai 

Bj k,Ai 

,AO 

0 ,AO 

Tjk,Ai 

Tjk,Ai 

exp 

<exp 
bexp 

1 

-1 

>exp 
#<exp 

Sj&Sk 

t Special syntax form 

INSTRUCTIONS 

Error exit 

Error exit 
Set the channel (Aj) current address to 
(Ak) and begin the I/O sequence 

Set the channel (Aj) limit address to (Ak) 

Clear channel (Aj) interrupt flag 

Enter XA register with (Aj) 

Enter real - time clock register with (Sj) 

Transmit (Ak) to VL register 

Transmit 1 to VL register 

Enable interrupt on floating point error 

Disable interrupt on float i ng point error 

Transmi t (Sj) to VM register 

Clear VM re gis ter 

Normal exit 
Logica l 

Opera tors 
1 Normal exit 

Jump to (Bjk) 

Jump to exp 

Return jump to exp; set BOO to P 
Branch to exp i f (AO) 

Branch to exp if (AO) f 

& 
/\ND 

! 
OR 

\ 
XOR 

0101 
1100 . I 
0100 

0101 I 

1100 I 
IT6T 
0101 
1100 
1001 

: 

Branch to exp if (AO) positive 

Branch to exp if (AO) negative 

Branch to exp if (SO) = 0 

Branch to exp if (SO) ;I 0 

Br anch to exp if (SO) positive 

Branch to exp if (SO) negative 

Transmit exp jkm to Ai 

Regist er , Valuel. 

(~O) t Transmit exp 
of jkm to Ai 

l's complement 

Transmit exp jk to Ai 

Transmit (Sj) to Ai 
Transmit (Bjk) to Ai 

Transmit (Ai) to Bjk 

l\i, i =O 

Aj , j =O 

Ak, k=O 

Si , i =O 
Sj, j=O 

Sk, k=O 

Population count of (Sj) to Ai 

Leading zero count of (Sj) to Ai 

In t ege r sum of (Aj) and (Ak) to Ai 

Transmit (Ak) to Ai 

I nteger sum of (Aj) and 1 to Ai 

I nt eger difference of (Aj ) less (Ak) to Ai 

Transmit -1 to Ai 

Transmit the negative of (Ak) to Ai 

Integer difference of (Aj) less 1 to Ai 

Integer product of (Aj) and (Ak) to Ai 

Channel number to Ai (j =O) 

Address of channel (Aj ) t o Ai (j#O; k=O) 

Error flag of channel (Aj) to Ai (jrO ; k=l) 

Read (Ai) words to B register jk from (AO) 

Read (Ai) words to B register jk from (AO) 

Store (Ai) words at B register jk to (AO) 

Store (Ai) words at B reg i ste r jk to (AO) 

Read (Ai) words to T registe r jk from (AO) 

Read (Ai) words to T register jk from (AO) 

Store (Ai) words at T register jk to (AO) 

Store (Ai) words at T reg i ster jk to (AO) 

Transmit jkm to Si 

Transmit exp= l's complement of jkm to Si 

Form l's mask exp? 64 - jk bits in Si from 
the right 

Enter 1 into Si 

Enter -1 into Si 

Form l's mask exp 
the left 
Cl ear Si 

jk bits in Si from 

Logical product of (Sj) and (Sk) to Si 

0 I 

1 I 
(SO) 

0 

tt Privileged to monito r mode 

t044ij0 
t044ijO 

t04Sijk 

t0 4Sij0 

046ijk 

t046ij0 

t 046ij0 

047ijk 

t 047i0k 

t 047ij0 

t047ijO 

t047iOO 

OSOijk 

tOSOijO 

OSlijk 

t OSliOk 

tOSlijO 

tOSlij 0 

tOSliOO 

052ijk 

053ijk 

054ijk 

OSSijk 

056ijk 

tOS6ijO 

tOS6iOk 

057ijk 

t057ij0 

t057i0k 

060ijk 

06lijk 

t061i0k 

06 2 ij k 

t062i0k 

063ijk 

t063i0k 

064ijk 

065ijk 

Si 
Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

so 
so 
Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

066ijk Si 

067ijk Si 

070ijx Si 

07li0k Si 

07lilk Si 
07li2k Si 

07li3x Si 

07li4x Si 
07li5x Si 

07li6x Si 

071i7x Si 
072ixx Si 

073ixx Si 
074ijk Si 

07Sij k Tjk 

076i jk Si 

077i jk Vi,Ak 

t077i0k Vi,Ak 

lOhijkm Ai 

tlOOijkm Ai 

tlOOijkm Ai 

tlOhiOOO Ai 

Sj&SB 

SB&Sj 

#Sk&Sj 

#SB&Sj 

Sj\Sk 

Sj\SB 
SB\Sj 

#Sj\Sk 

llSk 

#Sj\SB 

#SB\Sj 

#SB 

Sj! Si&Sk 

Sj !Si&SB 

Sj !Sk 

Sk 

Sj !SB 

SB! Sj 

SB 

Si< exp 

Si> exp 

Si<exp 

Sign bit of (Sj) to Si 
Sign bit of (Sj) to Si (j;IO) 

Logical product of (Sj) and l's 
complement of (Sk) t o Si 
(Sj) with sign bit cleared to Si 

Logical difference of (Sj) and (Sk) to Si 

Toggle sign bit of Sj, then enter into Si 

Toggle s i gn bit of Sj , then enter into Si (j;IO) 

Log i cal equivalence of (Sk) and (Sj) to Si 
Tr ansmit l's complement of (Sk) to Si 

Logical equivalence of (Sj) and s i gn 
bit to Si 
Logical equivalence of (Sj) and sign 
bit to Si (j;lO) 

Enter l 's complement of sign bit into Si 

Logical product of (Si) and (S k) compl0m0nt 
ORed with logical product of (Sj) und (Sk) to Si 

Scalar merge of (Si) and sign bit of (Sj) 
to Si 

Logical sum of (Sj) and (Sk) to Si 
Transmit (Sk) to Si 

Logical sum of (Sj) and sign bit to Si 

Logical sum of (Sj) and sign bit to Si (jfO) 
Enter sign bit into Si 

Shift (Si) left exp = jk p l aces to SO 

Shift (Si) right exp= 64 - jk pl;JC('< t SO 

Shift (Si) left exp = jk p l aces 

Si>exp Shift (Si) right exp = 64 -jk pla c0s 

Si,Sj<Ak Shift (Si and Sj) lef t (Ak) places to Si 

Si,Sj<l Shlft (Si and Sj) left one place to Si 

Si<Ak Shift (Si) left (Ak) places to Si 

Sj ,Si>Ak Shift (Sj and Si) right (Ak) pla ces to Si 

Sj ,Si>l 

Si>Ak 

Sj+Sk 

Sj-Sk 

-Sk 

Sj+FSk 
+FSk 

Sj - FSk 

- FSk 

Sj '•FSk 

Sj*HSk 

Sj *RSk 

Sj*ISk 

/HSj 

Ak 
+Ak 

+FAk 

0.6 

0.4 
1. 

2. 

4. 

RT 

VM 

Tjk 

Si 

Vj,Ak 

Sj 
0 

exp,Ah 

exp, 0 

exp, 

,Ah 

Shift (Sj and Si) right one place to Si 
Shift (Si) right (Ak) places to Si 

Integer sum of (Sj) and (Sk) to Si 

I nteger difference of (Sj) and (Sk) to Si 

Transmit negative of (Sk) to Si 

Floating sum of (Sj) and (Sk) to Si 

Normalize (Sk) to Si 

Floating difference of (Sj) and (Sk) to Si 

Transmit normalized negative of (Sk) to Si 

Floating product of (Sj) and (Sk) to Si 

Half precision rounded floating product 
of (Sj) and (Sk) to Si 

Full precision rounded floating product 
of (Sj) and (Sk) to Si 
2 - Floating product of (Sj) and (Sk) to Si 

Fl oating reciprocal approximaLi on of 
(Sj) to Si 
Transmit (Ak) to Si with no sign extension 

Transmit (Ak) to Si with sign extension 

Transmit (Ak) to Si as unnormalized 
floating point number 

Transmit constant 0 .7 5*2**48 o SI 

Transmit constant O.S to S i 

Transmit constAnt 1.0 Lo Si 
Transmit constant 2 .0 to Si 

Transmit constant ~.O to~;; 

Transmit {RTC) to S i 

Transmit (VM) to Si 
Transmit (Tjk) Lo ,' i 

Transmit (Si) to Tjk 

Transmit (Vj, c1cmc nt (i\k)) to Si 

Transmit (Sj) to Vi cll-nH·nt (i\ k) 

Clear Vi element (Ak) 

Read from ((Ah) + l 'XP) t(i /\I (AO • O) 

Read from (exp) to Ai 

Read from (exp) to Ai 

Read from (Ah) tu Ai 

x = Field not used by hardware; assembler 
generates zero in this position . 



llh ijkm 
tllO ij km 
tllOij km 
tllhiOOO 
12hi.jkm 

i"lZOljkm 
tlZOijkm 
i"lZh ·i 000 

13hljklll 
·r130ij km 

i'l30ijkm 
tl3hi000 
14 0 i j k 

tl40i00 
14ljjk 

14 2ijk 
i'1 42i0k 

J 4 3ij k 
14 4 i j k 

14 5 i j k 
146ijk 

i'146i0k 
147 i j k 

lSOijk 
tlSOij 0 
lSlij k 

i'lSlijO 
15 2 i j k 

tlSZi jO 
153ij k 

tlX p ,A h 

t' XP, 0 
l 1 XJ), 

,Ah 

S i 
, .. 
" ' 
<' XII , Ah 

<' XI', IJ 

<' XJl ' 

,Alt 

Vi 
Vi 

Vi 

Vi 
VI 

V1 

V1 

Vi 

Vi 

Vi 

Vi 

Vi 
Vi 
Vi 
Vi 
Vi 
Vi 
Vi 

153ij0 Vi 
154i j k Vi 
155 i j k 
15 6ij k 

t1S6iOk 
157ijk 
160ijk 
161ijk 
162ijk 

163ijk 

164 ijk 

165 ijk 

Vi 
Vi 

Vi 

Vi 
Vi 

Vi 
Vi 

Vi 

Vi 

Vi 

166ijk Vi 

167ijk 

170ijk 
t170i0k 
171ijk 
172ijk 

tl 72i0 k 
173ijk 
174ijx 

17Sxj0 

175 xj l 
175xj2 
175xj3 
176ixk 

Vi 

Vi 
Vi 

Vi 
Vi 

Vi 
Vi 

Vi 

VM 
VM 
VM 
VM 
Vi 

Ai 

Al 

Ai 

Ai 

t> Xp,Ah 

" Jl ' 0 
( p , 

,Alt 

!ii 

•:.11:vk 
(I 

VJ llV k 
Sj :Vk 
Vk 

Vj : V• 

~:J\VI 

VJ\ Vk 

~;J : Vkl/VM 

#VMljVk 

VJ !VkfiVM 

Vj~Ak 

Vj<l 
Vj>Ak 
Vj>l 

Vj ,Vj<Ak 
Vj, Vj <l 
Vj ,Vj >Ak 
Vj, Vj>l 
Sj +Vk 
Vj+Vk 
Sj-Vk 
-Vk 
Vj -Vk 
Sj*FVk 
Vj*FVk 
Sj*HVk 

Sj ''RVk 

Vj*RVk 

Sj*IVk 

Vj*IVk 

Sj+FVk 
+FVk 
Vj+FVk 
Sj -FVk 
- FVk 
Vj -FVk 
/HVj 

Vj,Z 
Vj,N 
Vj ,P 
Vj,M 
,AO,Ak 

t176ix0 Vi ,AO,l 

177Xj k ,AO, Ak Vj 

t177xj0 ,A0,1 Vj 

Score (Ai) to (Ah) + exp (AO=O ) 
Store (Ai) to exp 
Store (Ai) to exp 
SL ore (Ai ) to (Ah) 
Read from ((Ah) + exp) t o Si (AO=O) 
Road from exp to Si 
Read from exp to Si 

Read from (Ah) to Si 
Sto r e (Si ) to (Ah) + exp (AO=O) 
Store (Si) to exp 
Store (Si) to exp 
Store (Si ) to (Ah) 
Logical products of (S j ) and (Vk) to Vi 
Clear Vi 
Logical products of (Vj) and (Vk) to Vi 

Logical sums of (Sj) and (Vk) t o Vi 
Tr ansmi t (Vk) to Vi 
Logi ca l sums of (Vj) and (Vk) to Vi 
Logical differences of (Sj) and (Vk) to Vi 

Log i cal differences of (Vj) and (Vk) to Vi 
Tr ansmit (Sj) if VM bit = 1; (Vk) if 
VM bit = 0 to Vi 
Vector mer ge of (Vk) and 0 to Vi 
Transmit (Vj) if VM bit = 1; (Vk) if 
VM bit = 0 to Vi . 
Shi f t (Vj) left (Ak) places t o Vi 
Shi f t (Vj ) left one place to Vi 
Shi f t (Vj) right (Ak) places to Vi 
Shift (V j) ri ght one place to Vi 
Double s hi ft (Vj) left (Ak) places to Vi 
Double shift (Vj) left one place to Vi 
Doubl e shift (Vj) r ight (Ak) places to Vi 
Do uble s hift (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) an d (Vk) to Vi 
Transmit negative of (Vk) to Vi 
lntegc r differences of (Vj) and (VkJ to Vi 
Fl oating products of (Sj) and (Vk) to Vi 

Floating products of (Vj) and (Vk) to Vi 
Half precision rounded f loa ting products 
of (Sj) and (Vk) to Vi 
~al f pr ecis i on rounded floating products 
of (Vj) and (Vk) t o Vi 
Rounded f l oating products of (Sj) and 
(Vk) to Vi 
Rounded floating products of (Vj) and 
(Vk) t o Vi 
2 - f l oating products of (Sj) and 
(Vk) to Vi 
2 - floating products of (Vj) and 
(Vk) to Vi 
Fl oating sums of (Sj) and (Vk) to Vi 
Normalize (Vk) to Vi 
Floating sums of (Vj) and (Vk) to Vi 
Fl oating diffe r ences of (Sj) and (Vk) to Vi 
Transmit norma l ized negatives of (Vk) to Vi 
Floating differen ce s of (Vj) and (Vk) to Vi 
Fl oating re ciprocal approx imat i ons of 
(Vj) to Vi 
VM= l where (Vj) = 0 
VM=l where (Vj) 'I 0 
VM=l where (Vj) positive 
VM=l where (Vj) negative 
Read (VL) words to Vi f rom (AO) 
incremented by (Ak) 
Read (VL) wo r ds to Vi from (AO) 
incremented by 1 
Store (VL ) wor ds fr om Vj to (AO) 
inc r emen t ed by (Ak) 
St or e (VL) words from Vj to (AO) 
incremented by 1 

t• 

PROGRAM CONTROL 

!DENT 
END 
ABS 
COMMENT 

BLOCK CONTROL 

name 
name 

PSEUDO INSTRUCTIONS 

CONDITIONAL ASSEMBLY 

ifname 

ifname 

ifname 

!FA att, exp 
!FA att, exp, count 
!FE exp 1, op, exp2 
!FE exp1 , op, exp2 , count 

a'tt 

PA parce l 
WA word 
VAL va l ue 
EXT external 

' string ' 
IFC ; str~ng 1 ;.. op, : str~ng2 ; 
I FC str-ing 1 ,, op, stri,ng2 , count 

REC relocatable 
ABS absol ute 
COM conmon ifname 

ifname 
ifname 

SKIP count 
ENDIF 
ELSE 

CODE DUPLICATION 

DEF def i ned 
SET SET-defined 
REG reg i ster 
MIC m1 cro 

( # may precede a tt) 

l symbol 

11 

BLOCK 
COMMON 
ORG 
BSS 
LOC 
BITW 
BITP 

name 
name 
exp 
exp 
exp 
exp 
exp 

dupname DIJP 
DUP 

dupname ECHO 
dupname ENDDUP 
dupname STOPDUP 

times 
times, count 
e1=(list1! , e2=(list2! , .. . en=(li stn) 

I• 

LOADER LINKAGE 

ENTRY 
EXT 
START 

MODE CONTROL 

·BASE 
QUAL 

name 1, ncune2 , ••• , namen 
:::~, sym2 , ••• , symn 

0 OP D OP M 
quali fication 

LISTI NG CONTROL 

name LIST 
SPACE 
EJECT 
TITLE 
SUBTI TLE 

' string ' 
'string ' 

DUP 
LIS 
MAC 
MIC 
MI F 
ON 
XR F 

op 

NDUP 
NLIS 
NMAC 
NM I C 
NMI F 

OFF 
NXRF 

1------------- --...1 'iYMBOL DEFINITION 
~ i ERROR CONTROL 

code ERROR 
code ERR IF exp 1, op, exp2 

op : LT LE GE GE EQ NE 
code : see Fatal or Warning E.rrors 

MI CROS 

name 
name 
name 
name 
name 

MICRO 
MI CRO 
MICRO 
OCTMIC 
DE CM JC 

MACRO DEFINITION 

MACRO 
lfp name 

LOCAL 

name ENDM 

1string ' , exp1 , exp2 
'string ' , exp l 
' string ' 
exp, oount 
exp, count 

symbol = exp, att 
symbol SET exp, att 

att : P or W or V OP bla nk 

DATA DEF I NITION 

symbol CON 
symbol BSSZ 
symbol DATA 
symbol VWD 
symbol VPD 

REP 

exp 1 , exp 2 , • • • , exp 
exp n 
data1 , data2 , . .. , data 
n1/exp1,n2/exp 2 , ••• , il,/expm 
n 1/exp1 , n2/exp2, ... , n,/exp 
ct,swa, inc, bsz m 

OPDEF DEFINITION 

name 
lfp 

name 

OPDEF 
synres 
LOCAL 

ENDM 

synop 
sym 1, • • • , symr 

(body of defi niti on) 

l l ..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,.n•am•e•1•0•P•S•Y•N..,.nam..,e•
2..,..,..,..,..,..,..,..,..,..,..,..J 

1 

ABORT 

CAL CONTROL STATEMENT 

CAL (ABORT, B=bdn, E=edn, l =i dn, L= l dn ,LIST=name ,S=sdn ,opti ons) 

omitted 
ABORT 

omitted 
B=O 
B=bdn 

omi tted 
E 
E=edn 

omitted 
I= i dn 

Do not abort 
Abort on assembly 
error 

Binary on $BLD 
No binary 
Bina ry on bdn 

omitted 
L=O 
L= l dn 

LI ST omitted 

LIST=name 

S om i tted 
S=D 
S=sdn 

Li st output on $OUT 
No list output 
List output on l dn 

A 11 LI ST pseudos 
activated 
Matching name not 
ignored 

$SYSTXT 
No system text 
System text on sdn 

No err or listing 
Err or li st on $OUT 
Error li st on edn , 
unless edn=ldn, 
then no l dn options : See LIST pseudo 
Sou r ce on $IN 
Source on i dn 
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