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S Syndrome bits
•K4B Head address Cor error (where B Is bank)

P Program Address, 24 bits
BA Base Address, 18 bits

LA Limit Address, 18 bits

XA Exchange Address, 8 bits
VL Vector Length, 7 bits

E - Error type (bits 0,1 of nj

10 Uncorrectable memory

01 Correctable memory

R - Read node (bits 10,11 of n)

00 Scalar

01 I/O
10 Vector

11 Fetch

word

Offset Bit H- Modes 1
n+1 39 Intecrupt ixinitoc mode'
n4-2 36 Interrupt on correctable memory error
ni-Z 37 Interrupt on floating-point error
n+2 38 Interrupt on uncorrectable memory error

nh2 39 Monitor mode

Mord

Offset Bit F - Flags

114-3 31 Frogranoaable Clock Interrupt (PCI) " 1
n+3 32 MCU interrupt

n4-3 33 Floating-point error
n+3 34 Operand range error
n+3 35 program range error

n+3 36 Memory error '
n+3 37 I/O interrupt |
r+3 38 Error exit ,
n+3 39 Normal exit

t supports Monitor Mode interrupt option
ft Supports prograouble Clock option (optional on CRAY-l Models A and B;

standard on CftAY-1 S Series and CRAY-l M Series computers)
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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
Instruction placement error
Location field error

Relocatable field error

Operand field error
Programmer error
Result field error

Syntax error •
Type error

(Aidefined symbol or operation
Register expression or field width error
Expression error

WARNING ERRORS

Programmer warning error
Location field symbol ignored
Bad location symbol
Expression element type error
possible symbolic machine instruction error
Truncation error

Location field symbol not defined
Micro substitution error

Address counter boundary error
External declaration error

Macro or opdef redefined

CONSTANT AND DATA NOTATION

(tnt«g«r| ISinl
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Charaettr constant
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CAL CONTROL STATEMENT

CAL,CPU»tj;p#,I"idn,L-I</n,B"W>i,E"e<fn,ABORT,DBBnc,£>pticn«,

LlST»name,S»siin,SYM"ai/n,T-bet,X"aCn-

CPU Omitted Machine cucrently executing CAL
CtO'type Specify CRAY-l ot CRAY-XMP

I Omitted Source on SIN
I'-idn Source on idn

L Omitted LlBt output on SOVT
1^0 NO list output
Vldn List output on Idn

B Omitted Binary on SBLD
B^o NO binary
B'bdn -Binary on bdn

B emitted No error listing
B Error list on SOUT

S'sdn Error list on edn unless edr^ldn, then Idn

ABORT emitted Do not abort

ABORT Abort on fatal error during assembly

DEBUG emitted Write binary record on fstel error and set fatal
error flag

DSUG Wrlta binary record with fatal error flag clear

optionaz See options under CAL crwitrol statement In CAL Rafecenco
Manual (optitms overrides the LIST pseudo.)

o

^tted LIST pseudos with a null (empty) location field
processed

LIST All LIST pseudos processed
LIST-none LIST paeudo Inatructions with a location field

matching name processed

Omitted SsysTXT

S-0 No system text

S-sdn System text on sdn

Omitted Ho symbol table

SYM SyiAol table on dataset holding binary load data
SWaym Symbol table on ayn

Omitted No binary system text written
T-0 HO binary aystem text written
T Binary dataset written to SB5T
fbat Binary syatem text written to bat

Omitted No global cross-reference records written
X-0 tk> global croas-taference records written
X Global cross-reference records written to SXRF
Xaze^ Global cross-reference records written to idn



INSTRUCTIONS

CWY-l CKL WIT DESCRIPTION

000233 cut . Error tlit

fsooij* ERS Sip - Error exit

"OOlOjfc CA.tiJ >ik
-

Set the chennel ^k^] current eddreee
to (AA) end begin the I/O eequence

rroDll,/* CL.KJ ftk
-

Set the chennel (Aj) Halt address to
(Ai)

"OOIJJX Cl.hJ - Cleet ehennel lAj'l Interrupt fleg

"OOlJjI U HJ - Enter XA register with IA,;i

rrooiijo RT - Enter RTC register with ISj'l

rrjooUji K! BJ - Enter 11 register with (8^

frjoouis CCl - Clcer PCI regueet

rrsooi4i« CCI - Eneble PCX requeet

"5001427 DCI - Dteeble PCI requeet

0020x1: VL *1: - TTenenit (AA) to VL tegiettr

'002020 VL 1 - Trenenit 1 to VI cegliter

0021X3 EP!
-

Eneble interrupt on fleeting'polnt

00222Z DPI
-

Dleebie interrupt on floeting-point
error

OOixJx VH SJ _ Trennnlt <S,;i to VH register

rooixox VH 0 - Clear VH regiatar

0O433X EX - NorsMl esit

r404t,/i: EX *Sp - Hornal exit

OOSx/t 3 Bjk ' Jueg> to (BjA)

oo«t,r>3 J «xp - Junp to tip

oo^ijkiv B «2p - Return )uagi Co sxpr eet BOO to P>

OlOiJkn Shi «ip - Branch to tip if (AOI-O

Ollijkm JAN up -
Branch to tip it lAOl/O

012i,/lEn JAP «Xp
-

Branch to tip if lAOI^O

OlJtJb" JAM up - Branch to tip if lAOl'D

014{,llc« JSC tip - Breneh to tip if lSD)-0

OlSiyto JSH «Xp - Branch to tip If iSOlpO

JSP tip -

38lt Hp - Breneh to eip If <SD)'0

"'OtOijfair Ai tip - Trenenic «2p-,;b<i Co Ai

"'02l<Jk» Ai tip
-

Tienesit ezp>oneB coe^leisonC of jkm
to At

"'022<J»r At tip - Treneslt ttp-Jk to Ai

Ojjijr Ai ej - Treneait (Sj3 to Ai

024{^lc Ai Bjk -
Trenssit (BjA) to Ai

a2St/«t BJk Ai - Treneslt iAt) to BjA

02e{,/0 Ai PS,; Pop/XZ Populetion count of (8^ to Ai

tI02S<,/l Ai OSJ Pop/Lt Populetion count perity of IS,/) to Ai

Oilijx Ai tBj Pep/LZ Leeding lero count of (S,^ •» Ai

OiOiJk Ai kJ*Ak A Ine Add Integer eun of (Aj3 end {All to Ai

rOSDiOfc Ai Air A Int Add Treneislt 1AA) to Ai

rosoijo Ai A,;'I A Int Add Integer eus of tkj) end X to At

OSKjk Ai kJ-Bk A Int Add Integer difference of tkj) leee (Ah)
to At ^

f "r031{D0 Ai -1 A Int Add Tranenit -1 to At •

'OJIiO'! Ai -All A Int Add Trenenlt the negative of (At) to At ^
'OlUjO Ai kJ-1 A Int Add Integer difference of lA^ lees 1 to Ai

0324^1: Ai a,;*aa A Int Hult Integer product of (Ai) ertd lAA) to Ai

033i02 Ai CI - Qiennel nidber to Ai (i"0)

033t,f0 Ai CA,Ai - Addraee of chennel iAj) to Ai liPBi li*0)

033ijl Ai CE,AJ - Error fleg of chinnel (Aj) to At iiPOj A-l)

034iji Bjk.ki ,A0 HiBory Reed (Ai) words to B cegistat Jk froa (AO!

ro}4ijl: Bjlr.Ai n,AO Htsocy Reed (At) words to fi register Jk team (AO)

03Si,^lt ,A0 BJlr.Ai Kcnry Store (Ai) worde at B regliter Jk to (AO)

'D35tjk 0,AO Bj'lr.Ai Mtaocy Store (Ai) worde et D regieter Jk to (AO)

OiSiJk Tjl:,Ai .AO HMory Reed (Ai) wordi to T register Jk teem (AO)

tOSiiJk Tjl!,Ai O.AO Menory Reed (At) worde to T register Jk froa (AO)

e37ijk ,A0 rjk.Bi HABOiy Store (At) worde et T regieter i>c to (AO)

'037<jk O.AO Tj'k.Ai Hnaory Store (At) worde et T regietar jk to (AO)

CRAY-l CAI UNIT DESCRIPTION

oeoijic" Si sxp - Trananit Jkn to St

oeitilgn Si tip - Tranaalt exp^nea cca^laaant of Jkm to St

0421^3; Si <tlp S Logleel PorB ortaa Beak exp bite in Bi frca the right)
Jk field gats S4-axp.

'0e2ii3 Si t'Hp 8 Lcglcsl PotB teroa Basil axp bite in St froa the lefti
Jk field gate tip.

f0e2i77 Si 1 S Logical Enter 1 Into St

'042i00 Si -1 S logical Enter -I Into Sf

oeiiik Si »txp 3 Logical PotB onee meek sxp bite in Si froa the left)
Jk field gete tip.

'oejij'k Si t'tip 8 logical PotB teroe aaek cxp bits in St froa the right
Jk field gete se-azp.

y-"00 Si 0 S Logical Clear St

f ^ Si ejtsk s logical logical product of (8^) and (8k) to Si

Si BjtSB S Logical Sign bit of (Sj7 to Si

'oeei.fo si BBtSJ s Logical Sign bit of ISA to Si (J/O)

oesijk St •SktSj s Logical logical product of (8,;) and ones coaploaent
of (Sk) to Si

'oesijo ai tssesj' S Logical (SA with sign bit cleared to Si

oetiji: si sjVfc S logical Logical difference of (8A snd (Sk) to Si

roesija Si BASS S logical Toggle eign bit of 6^, then enter into Si

foesiio Si BS\SJ S logical Toggle eign bit of SJ, then enter into
St IJPO)

fl47ij3 si tsj\fik S Lctgical Logical equivalanca of (Sk) and (Sj) to St

'047io3 Si m S Logical TransBit ones coapleaent of (Sk) to Si

ro47{iD Si ISABS S logical Logical equivalence of (SA and sign bit
to Si

'047ij0 St ia*\sj' s logical logical equivalence of (SA end sign bit
to St (j>01

f047i00 St • SB s logical Enter ones coeqpleBent of eign bit Into si

0S0ii3 Si 6,/16itBl: s Logical Logical product of (Si) and (Sk) coaplaBsnt
ORed with logical product of (Sj) and (Sk)
to Si

fosoiio Si S,;iSitSB 8 logical Scalar Beige of (Si) end eign bit of (SA
to St

0»lii* Si s,;:8k S Logical Logicel bub of (Sj) end (Sk) to St

rosiioA Si Sk S Logical Treneait (Sk) to Si

fOSlijO Si BJIBB S Logical Logical eua of ISA end lign bit to Si

fosiiio Si SBiS,; S Logical Logical sua of (SA end sign bit
to Si (JVO)

'OSliOO si SB S Logical Enter aign bit into Si

0S2ii3 80 Si'eip s Shift Shift (Si) left tx^Jk placaa to SO

osiijl; so ai'esp S Shift Shift iSt) right exp'64-jk places to SO

oseijTc Si si'ezp S Shift Shift ISi) left txpmjk places

OSSiJk Si St'Sxp s Shift Shift (St) right ti^tt-Jk pieces

OSiiJk Si Bi,BJ</ik S Shift Shift ISt and SA left (Ak) pieces to Si

tOSfiJO at Bi.Bj'l S Shift Shift (Si artd sA left one place to Si

'osdok si Si'Ak s Shift Shift (Si) left (Ak) places to Si

057ijk si S^.Si'Ak S Shift Shift (S,; and Si] right (Ak) places to St

'OS7tjO Si SA8i»l s Shift Shift iSj and Si) right one place to Si

roS7i0k Si Si'Ak S Shift Shift (St) right (Ak) places to si

oeoiik Si Bj'Sk S Int Add Integer sub of (SA and (Ski to Si

061 i/k Si Sj-Sk S Int Add Integer difference of (S^) end (Sk) to Si

''SliOk Si •Sk S Int Add TrensBlt negative of (Sk) to si

i2ijk Si SJtTSk Pp Add Ploating-polnt bub of (SA end ISk) to Bi

rosiiok Si aPSk Pp Add NocBalixe (Sk) to Si

Ot3iJk si BJ-nk Pp Add floating-point dlfferanca of (Sj*) and (Sk)
to St

fe(3iek Si •rtk Fp Add TraniBit norBslixed negative of (Sk)
to Si

Dseiik Si sj'nk Pp Hult floating-point product et (6j) and (Ski
to Si

OSSiik Si Bj'HBk Pp Hult Half-precision rounded floatirrg-polnt product
of (SA and (Sk) to si

OSSiik si Bj'BBk Pp Kult Pull-precision rounded floating-point product
of (SA end (Sk) to Bi

Ottijk si BJ'tBk Pp Hult 2-ftoeting-point product of (SA and (Sk)
to St

070ijx Si /mj Pp Repl floating-point reciprocal apprcBlBstion of
(SA to Si

071iok si Ak - TransBtt (Ak) to St with no nlgn extension

CRAY-I CAL (WIT DESCRIPTION

OTltlk Si TAk - Ttanaalt (Ak) to Si with aign extanaion

STlilk St ePAk
-

Tranaait (Ak) to Si as unnctaaliiad
floating-point nuabar

DTltlx Si 0.6 - Traneait coneiant o.7S«2e«4l to Si

071142 Si 0.4 - Ttanaait conatant 0.5 to St

OTliSZ si 1. - Transalt conitant 1>0 to fit

OTliSC St 2. - Transait conatant 2.0 to si

DTltTx si 4. - Tranaait conatant 4.0 to fit

072ix2 St BT - TransBit (RTC) to St

OTJixx si VH - TraoxBit IVH) to St

«74iAt Si rjk - Tranxait (Tj'k) to St

073i/k ijk si - TranSBit (St) to TA

Bltijk si VJ.Ak - TransBtt tVJ, tleaant (Ak) 1to SiC
077ijk Vi.Ak SJ - Transait (SA to vi elaaent (Ak)

'077i0k Vi.Ak 0 - Clear Vt elenant (Ak)

lokij'km Ai exp.Ak Heaory Read froB ((AMeexp) to At (AOwO)

flODi^ka Ai czp. 0 HsBoty Read frcB itspl to At

flOOiAia Ai Hsaory Read frca (axp) to Ai

flOkiOOO Ai ,Ak Heaery Read froB (Ak) to At

tl)i{,;ka axp',Ak At Heaoty Store (Ai) to |Ak)ecxp (AO-0)

PI10i,/fc» exp'.0 Ai Haaory Store lAi) to tip

fUD<,;kai axp At Haeory Store (Ai) to tip

nikiooo .Ak1 Ai HsBory Store (Ai) to (Ak)

12>ii,;k> Si exp.Ah Heaory Read frC3 ((Ali)e«xp) to St IAO-S>

n20i/kB Bi axp.O HsBory Read fica laxp) to St

fWoVtoe si tip. Hvaoiy Bttd froB (exp) to Si

ri2Moo« St .Ak HiBory Bead froa (Ak) to Si

iskijki" i.Ak St KsBory Store (Si) to (Ak)4axp <AO-0)

fllOij'ka axp.O St HsBory Store ISi) to tip

flSOiJka >, St Heaory Store'(Si) to tip

riJIiiOOO .All Si Heaory Store (Si) to (Ak)

140{,;k vi Sjavk V Logical Logieet products of (sA and (Vk)
to Vi

14Hjk vi vjavk V Logical Logicel products of (vA and (Vkl
to vi

142{/k vi Sj'.'Vk V Logical Logical auaa of ISJ) and (Vkl to Vi

ri42i0k vi vk V Logical Trananit (Vk) to Vi

I43ijk vt vAvk V Logical Logical suaa of (Vjl and (Vkl to Vi

144i,;k vi sAvk V logical (ogical dtffercneaa of ISJ) and (Vk)
to vt

14St^k vi vAvk V Logical Logical diffarencaa of (Vj) and (Vk)
to Vt

ri4Siit Vt 0 V Logical Clear Vt

146{>k vi ajivkivM V Logical Transait iSJ) It VH blt-l) (Vk) if
VH blt-0 to vi.

fl46i0k vi •VHaVk V Logical Vectoc aaige of (Vk) and D to vi

I47ijk vi vyivkiVM V logical Tranaalt (VA if VK bit*l> (vk) if
VH bifO to Vi.

150i,;k vi VAAk V Shift Shift (vA loft lAk) placos to Vi

fisoi,;o vi V^<1 V Shift Shift IVA left one place tovi

i$n,;k vi vj'kk V Shift Shift (vA right (Ak) pieces to vi

nsiijo vi vj>l V Shift Shift (vA right one piece to Vi

IStiJk vi Vj,VJ<Ak V Shift Double ohift (VA left (Ak) pieces J
to Vi ^

ns2ij0 vi V^.Vi'l V Shift Double shift (VA left one place
to vt

IMiJk Vt Vj.Vj'Ak V Shift Double ehift (VA tight (Ak) pieces
to Vt

riiiijt vt Vj.Vj'l V Shift Double shift (VA right one place
to Vt

li*ijk vi SAvk V Int Add Integer subs of (SA and (VU to Vi

ISiiJk vi vAvk V Int Add integer bubs of (VA end (Vll to Vi

ISiiJk Vi sAvfc V Int Add Integer difference! of ISA end (Vk)
to Vt

nsetok Vi -vk V Int Add Traneait negative of (Vk) to Vi

ISTiAl vi vAvk V Int Add Integer differences of ivj) ind (vk)
to Vt

ISOiJk vi SAEVk pp Hult floating-point products of (SA Rod

qiAY-t CAI. UHIT DESCRtPTIOH

KltA vi VjT/k Pp Hult Floating-point products of IVA and
IVk) to Vt

l«2ijk vi Bj'trvk pp Hult Half-preclaion rounded floating-point
products of (SA end (Vk) to Vi

l«3tA vi VJtBVk Pp Kult Ralt-praciiion rounded floeting-point
products of (V.;) and (Vk) to vt

164i.;k vi BJ'KVk Pp Hult Bounded floating-point proOucta of (SA
end (Vk) to vt

l<si.;k Vi VAAVk Pp Hult Rounded floating-point products of (VA
and (Vk) to Vt

ICtiAt vi BJ'tVk Pp Rult 2-floatlng-point products of (SA end
(Vk) to vi

l«7i^k Vt vj'tvk rp Huit 2-floating-palnt products of (VA end
(Vkl to Vi

C Vi s.;ervk pp Add Ploiting-point auaa of (SA and (Vk)
to Vt

flTSiOk vi ♦pvk rp Add Horaaliae (Vk) to Vt

l7HJk vi VjtTVk pp Add floating-point auaa of (vA and IVkl
to Vt

172t/k vi sj-rvk Pp Add floating-point differences of (8^) and
(Vk) to vi

flTjiok vi -PWk Pp Add Tranaait noraalized negativaa of (Vk)
to Vt

ITli/k vt vj-rvk Pp Add Floating-point differancea of (V,;) and
(Vkl to Vi

174irf0 Vt /KVJ Pp Bcpl Ploating-pcint reciprocal approxiaationa
of (VA to vi

t»174iA vi nJ V Pop Pcppulatlon counts of (vA te Vi

»|174iA Vi QVj V pop Population count paritlaa of (VA to Vt

nsxj# VH vj.t V logical VH-l ohara (VA'S

175SA W Vj,B V Logical W-l where (VA«

173X^2 VH vAp V Logical W-l where (VA positive

175X^1 vn VJ.M V Logical vn-1 where (vA negative

17«ixk vi ,AO.Ak Hasory Bead (VL) worda to Vt fieea IAD)
Incieaanted by (Ak)

flTCix; vt .AO.l Haaory Read (Vll uocda to Vt trca (AO)

IncieaenCed by 1

l77*/k .AO.Ak Vj Waaery Stoia (VL) woida fcoa Vj Co (AO)
tncreaented by (Ak)

Pl77xrfO .AD 1 VJ Haaory Store (VL) wocda frcai VJ to (AO)
Increibented by 1

t special syntax form
?rtvllfr9«d to sonitot Bod*

ftt c«n«fAt«d dependon v«lu« of 9sp
% ProqrdiMblc cloeii (optieool on CMr-1 Hodoii h and 8)
SI V»cter topulAClofi Cotint (optional on CRAY-1 Modal* A and 8)
s Fl*ld not u»«d by hardware) aeseablet 9«net*t«* sero In thi* poaltlon.

(

REGISTER VALUE

Ah, h'O 0

Ai, iaO <A0)

AJ, >0 0

Ah, IcO 1

si, i"0 (SO)

Sj, j-0 0

sh, k"0 263

LOGICAL OPERATORS

« 0101

AMD 1100

0100

. 0101

OR 1100

1101

\ 0101

XOR 1100

1001
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