- APPENDIX: CRAY EL SERIES INSTRUCTION SET

Instruction  CAL
000000 ERR

* 0010jk CA Aj Ak
004000 PASS

¥ 0011jk CL A Ak

¥ 00120 Ci, Aj

¥ o012 MC, A

* 00130 XA Aj

¥ po14p RT S/

* 00144t SIPI Af
001401 SIPI

¥ 001402 CIPI

¥ 001473 CLN A

* 0014/ PCI &

# 001405 cal

¥ 001406 ECI

¥ 001407 DCI
001501
001541
00200k VL Ak

T 002000 VL 1
002100 EF!
002200 DFI
002300 ERI
002400 DRI
002500 DBM

f E 002504 DCBW
CMM-0431-0B0

Description

Error exit

Set the channel (A)) CA register to (Ak)
and begin /O sequence

Pass
Set the channel (A) CL register to (AK)

Clear channsl (Aj) interrupt and error
flags; clear device Master Clear (output
channel)

Clear channe! (Aj) interrupt and error
fiags; set device Master Clear (output
channel}; clear device ready-held {input
channel)

Transmit (A} to XA register
Transmit (S)) to RTC register

Set Interprocassor Interrupt request to
CPU (A}

Set interprocessor Interrupt of CPU 0
Clear Interprocessor Interrupt
Transmit (Aj to CLN register

Enter interrupt interval (If) register with

(8)
Clear programmable clock interrupt
(PCH request

Enable PCI request
Disable PCI request
Disable all error correction

Enable replacement of checkbytes with
data on all poris’ writes to reads

Transmit (Ak) to VL register

Transmit 1 to VL register

Enable interrupt on floating-point error
Disable Interrupt on floating-point error
Enable operand range error interrupts

Disable opsrand range error interrupts
Disable bidirectional memory transfers
Disable concurrent block write
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instruction  CAL
002508 DSBO
002600 EBM
002604 ECBW
002606 ESBO
002700 CMR
o300 VM
003000 VM O
0034jk SMjik
0036jk SMjk
0037 jk SMjk
004000 EX
00504k J
00Bijkm Ji

007 ifkm R
010ifkm JAZ
011 jjkm JAN
012ijkm JAP
018ifkm JAM
O14ifkm JSZ
018ikm JSN
016ijkm JSP
017ikm JSM
01 hijkm Ah
020iijkm Al
02000mn Al
021ikm Al
oz21i00mn A
oz22ik Al
0230 Af
02301 Al
024jk Al

Bjk
exp
exp
exp
exp
exp
exp
exp
exp
exp
exp

exp
exp
exp
exp

exp
exp
S/
VL
Bjk

Cray Research Proprietary

Description

Disable scalar and block overlap
Enable bidirectional memaory transfers
Enable concurrent block write

Enable scalar and block overiap
Complete memaory reference
Transmit (S)) to VM register

Clear VM register

Test and Set semaphore ji; 0 = jik s 37g
Clear semaphore ji; 0 < jk= 37g

Set semaphore jk; 0 < jk=< 375
Normal exit

Jump to (Bjk)

Jump to exp = fkm

Return jurmnp to exp = jkm; set BOO to
P +2

Jump to exp = fkmif (AD}) =0
(22 of i = 0)

Jump to exp = fkmif (AQ) = O
(22 of i = )

Jump to exp = jkmif (AQ) positive
(22 of [ = 0)

Jump to exp = jjkm if (AD) negative
(22 of i = 0}

Jump to exp = jkmif (30) = 0
(22 of i = 0)

Jump to exp = jfkm if (S0} = 0
(22 of i= Q)

Jump to exp = jjkm if (S0} positive
(22 of i = 0)

Jump to exp = jjkm if (S0) negative
(22 of i = 0)

Transmit exp = jfkmto Ah (22 of i = 1)
Transmit exp = jkmto Aj
Transmit exp = nmto Af

Transmit one's complement of exp =
Jkmto Af

Transmit one's complement of exp =
nmto Al

Transmit exp = jkto Ai
Transmit (S)) to Af
Transmit (VL) to AJ
Transmit (Bjk) to Ai
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Instruction  CAL
025k Bjk
0260 A
D28 Al
02617 Aj
0270 Af
0277 SBj
0301k A

T p3obk A

T 030i0 Ai
031ijk Aj

T 031100 A

T 0310k Ai

T 0310 Ai
032ijk Aj
033400 A
0330 A
0331 A

T 034§k Bjk, Af
034k Bjk, Al
035ijk AD

T 035k 0, AD
036ijk Tjk, Ai

T 036jk Tjk, Aj
0374k AD

T 037ik 0, AD

X 040fkm 8i

Y 04000mn  Si

CMM-0431-0B0

Adf
PS8

0, A0

Bjk, A
Bjk, Ai

A

0, A0

Tjk, Ai
Tk, Al

exp
exp

it

S Pop
S Pop

S/LZ

A Int Add
A Int Add
A Int Add
A Int Add
A Int Add

A Int Add
A Int Add
A int Mult

Memory

Memory

Memory
Memory

Memory

Memaory

Memory

Memory

Description

Transmit (A} to Bjk
Transmit population count of (S)) to Af

Transmit population count parity of (3j)
io Af

Transmit (SB)) to Af

Transmit leading zero count of (Sj} to Aj
Transmit (A} to SByf

Integer sum of (Aj) and (AK) to Af
Transmit (AK) to Af

Transmit integer sum of (Aj) pius 1 to Ai
integer difference of (A}) less (Ak) to Ai
Transmit —1 to Ai {Ai= 87777777777} In
Y-mode

Transmit the negative of (Ak) to Aj
Integer differsnce of (A} less 1 to Af
Integer product of (Aj} and (Ak) to A/

Transmit lowest interrupting channel
number to Ai (j = 0)

Transmit address of channel (Aj) to A
(fe0)

Transmit error flag of channel (Aj} to Af
(= 0)

Read (A words ta B registers starting

at Bjic from memory address ((AQ) +
(DBA))

Read (AJj) words to B registers starting
at Bjk from memory address
{({AD) + (DBA))

Write (A} words from B registers Bjkto
memory address ((A0) + (DBA))

Write (A} words from B registers Bjkto
memory address ((A0) + (DBA))

Read (AJj) words to T registers starting
at Tjk from memory address
((AO) + (DBA))

Read (A/) words to T registers starting
at Tjk from memory address
((A0) + {DBA))

Write (Aj) words from T registers Tjkto
memory address ((AQ) + (DBA))

Write (A) words from T registers Tjkto
memory address ((A0) + (DBA)}

Transmit exp = jkmto S/
Transmit exp = nmto Si
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Instruction  CAL Unit Description
X 04tifkm Si exp Transmit one's complement of exp =
Jjkmio Si
Y 04100mn  8i exp Transmit one's complement of exp =
nmto Si
042k 8f <exp S Logical Form ones mask exp = 100g — ji bits in
Sifrom the right
T o420k 8i #>axp S Logical Form zeross mask exp = jk bits in Si
from the left
T o427 Si 1 S Logical Enter 1 into S/
T 04200 8i -1 S Logleal Enter —1 into S/ (Si = 177777177777
177777 177777)
043ijk Si >exp S Logieal Form ones mask exp = jkbits in S/from
the left
T 043k Si #<oxp S Logical Form zeroes mask exp = 100g bits in Sf
from the right
T 04300 Si 0 S Logical Clear Si
044k Si SASk S Logical Logical product of () and (Sk) to 8/
T 0440 Si S/&SB S Logical Sign bit of (8)) to &i
T 044ip Si SB&S/ S Logical Sign bit of (S)) to S/ {J » 0)
045/ Si #S k&S S Logical Logical product of (S and one's
complement of (SK) to Si
T 045/0 Si #SB&S/ S Logical Transmit (S)) with sign bit cleared to S/
046ifk Si SASk S Logical Logical difference of (S)) and (Sk} to Si
T 0460 Si SASB S Logical Toggle sign bit of (S}, enter into S/
T 046/0 Si SB\S/ 5 Logical Toggle sign bit of (S}, enter into 8/
(/=0
047ifk Si #SASk S Logical Logical equivalence of (Sk) and (Sj) to
Si
T 0470k i #Sk S Logical Transmit one's complement of (SK) to
Si
T 047ip Si #SASB S Logical Logical equivalence of (S} and sign bit
to Si
T 04700 8/ #5BI|Sf S Logical Logical equivalencs of (S} and sign bit
to Si (j=0)
t 04700 Si #SB S Logical Transmit one’s complement of sign bit
into S/
050ik Sf SAS/ASk S Logical Logical product of {(S} and (Sk)

complement) ORed with logical product
of ({3)) and (SK)) to Si*scalar merge

T 0500 Si SAS/ASB S Logical Scalar merge of {Si) and sign bit of (S))
to Si
0511k Si Sisk S Logical Logical sum of (8)) and (SK) to S/
T 0810k Si Sk S Logical Transmit (SK) to S/
T 051i0 8i S/SB S Logical Logical sum of (S)) and sign bit to S
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Instruction  CAL
T os1ip Si
t 05100 Sj
052k S0
0531k 50
054ijk Si
055k Si
056ifk Si
T 056i0 Si
T 0560k si
057k Si
T 057§ 8i
T o570k si
060ijk Si
T 080K Si
T 080D si
081k Si
T 081Dk Si
T 0810 Si
082ijk Si
T o620k 8i
063k Si
T DB3K Si
054 ijk Si
065ijk Si
066ijk Si
067ijk Si
070/ Si
0710k Si
071ik Si
0712k Si
CMM-0431-0B0

SBIS/

SB
Si<exp
Si> exp

Si< exp
Si> exp

S, Sf< Ak
Si, Sf<1
Si< Ak
Sj, Si> Ak
Sj 8i»1
Si> Ak
Sj+ Sk
Sk

Sj+ 80
S-Sk
—Sk
Sji~80
Sj—-F8k
+FSk
Sj—FSk

-F8k
Sj*FSk
Sj* HSk
S/* RSk
Sj* 1Sk
fHS/

Ak

+Ak
+FAk

Uit
S Logical

S Logical
S Shift
S Shift

S Shift
S Shiit

S Shift
S Shift
S Shift
S Shift
S Shift
S Shift
S Int Add
S Int Add
S int Add
S Int Add
S Int Add
S Int Add
Fp Add
Fp Add
Fp Add

Fp Add
Fp Mult
Fp Muit
Fp Mult
Fp Mult

Fp Recp

Description

Logical sum of (Sj) and sign bit to S/
(=0)

Transmit sign bit into Si

Shift (Sh lsft exp = jk places to SO

Shift (Sj) right exp = 100g — jik places to
.80

Shift {SA left exp = jk places to Si

Shift (Sj right exp = 100g — jk places to
Si

Shift {Siand S Ieft (Ak} places to Si
Shift {S/and 8)) Ieft one place to Si
Shift {Sh left (AK) places to S/

Shift (Sjand SJ) right (Ak) places to Si
Shift {Sf and SJ right one place to Si
Shift (S)) right (Ak) places to Si

Integer sum of {S)) and (Sk) to Sf
Transnit (S&) to Si

Integer sum 288 and (S)) to 8/

Integer difference of (Sj less (SK) to Si
Transmit negative of (Sk) to Si

Integer difference of {S)) less 283 to Si
Floating-point sum of (S/) and (Sk) to S/
Normalize (SK) to S/

Floating-point difference of (8)) and
(8K to 8i

Transmit normalized negative of (Sk) to
8i -

Floating-point product of (S)) and (SK)
to Si

Half-precision rounded floating-point
product of (Sf) and (SK) to Si

Full-precision rounded fioating-point
product of (Sf) and (Sk) to Si

Two minus the floating-point product of
(S)) and (Sk) to Si

Floating-point reciprocal approximation
of (S) to 8i

Transmit (Ak) to Siwith no sign
extension

Transmit (Ak) to 8/ with sign extension

Transrmit (Ak} to Sias unnormalized
fioating-point number
{exponent = 40060)
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Instruction  CAL Unit Description
07130 Si 0.6 Transmit constant 0.75 x 248 to Si
(81 = 040060 140000 000000 00D000)
07140 Si 0.4 Transrit constant 0.5 to S/
(Si = 640000 100000 000000 0000C00)
07150 Si 1.0 Transmit constant 1.0 to 8/
(Si = 040001 100000 000000 000000}
07160 Si 2.0 Transmit constant 2.0 to Si
(Si = 040002 100000 000000 0DCDOD)
071i70 s/ 4.0 Transmit constant 4.0 to Si
{Si = 040003 100000 000000 000000)
07200 8i AT Transmit (RTC) to S/
7202 5i SM Transmit (SM} to S/
072i3 Si 8Tj Transmit (ST)) to S/
073100 Si VM Transmit (VM) to Si
0731 Si SRj Transmit status register (SR)) bits to S/
07311 11 Read performance counter to S/
E 07331 bkl Clear memory maintenance modes and
read status register into S/
07302 SM Si Transmit (S) to SM
073173 8T Si Transmit {S} to 8Tf
Q74ijk Si Tik Transmit (Tji) to Si
075k Tik Si Transmit (S4 to Tjk
076ijik Si Transmit (V/, element {Ak)) to S/
077ik Vi, Ak 5 Transmit {S)) to Vielement (AK)
T o77Pk Vi,Ak 0 . Clear Vielement (AK)
X 10hijkmn Ai axp, Ah Memory Read from memory address
((AR) + jkm + (DBA}) to Ai (h = 0)
Y 10h00mn  Ai exp, Ah Memory Read from memory address
((AR) + nm + (DBA)) to Aj {h= Q)
*, X 100fkm Al exp, 0 Memory Read from memory address
{jkm + (DBA)) to Ai
Y 10000mn  AJ exp, 0 Memory Read from memory address
(nm + (DBA)) to AJ
¥, X 100jkm Ai exp, Memory Read from memory address
(fkm + (DBA)) to Af
Y 10000mn A/ exp, Memory Read from memory address
: {nm + {DBA)) to A/
X 10hR000 Al Ah Memory Read from memory address
((AH) + (DBA)) 1o Ai (hw» 0)
Y 10hRD000 Al Al Memory Read from memory address
((Ah + (DBA)) to Ai (h» 0)
X 11hijkm exp,Ah Al Memory Write (Aj) to memory address

{(AR) + jkm + (DBA)) (7w 0)
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Instruction  CAL
Y 11h00mn  expAh
T, X 1104km axp,0
Y 11000mn exp,0
T, X 110ikm axp,
Y 11000mn axp,
T, X 11h00 Ah
Y 1140000 Ah
X 12hijkm S
Y 12h00mn  Si
X 120ikm Si
Y 12000mn  Si
X 120ikm Si
Y 12000mn  Si
, X 12hi000 S/
Y 12h0000 Si
X 13hifkm exp,Ah
Y 13h00mn exp,Ah
T, X 130ifkm exp,0
Y 13000mn exp,0
X 130:]’_km exp,
Y 13000mn  exp,
X 13hi000 JAh
Y 13h0000 AR
CMM-0431-0B0

Al

Af

Ai

Ai

Aj

A

Aj

Unit
Memaory

Memory
Memory
Memory
Memory
Memory

Memory

exp,Ah Memory

exp,Ah Memory

exp,0 Memory
exp,0 Memory
axp, Memory
exp, Memory
Ah Memory
AR Memory
Si Memory
Si Memory
Si Memory
Si Memory
Si Memory
Si Memory
8f Memory
Si Memory

Description

Write (Aj} to memory address
{(Ah) + nm + (DBA)) (Ah= 0}

Write (A} to memory address
(fkm + (DBAY))

Write (A} to memory address
{nm + (DBA))

Write (A)) to memory address
(jkm + (DBA))

Write (AJ) to memory address
{nm + (DBA))

Write (Aj) to memory address
{(Ah) + (DBA)) (h=0)

Write (Af) to memory address
{{(Ah + (DBA)) (h=0)

Read from memory address

({Ah) + jlkm + (DBA}} to Si (h = 0)

Read from memory address

{{(AR) + nm + (DBA)) to Si (h = 0)

Read from memory address
{fkm + {DBA)) 1o Si

Read from memory address
{nm + {DBA)) to S/

Read from memory address
(fkm + {DBA}} to S/

Read from memory address
(nm + (DBA)) to S/

Read from memory addrass
{({Ah) + (DBA)) to 8i {h= 0)
Read from memory address
{{Ah) + (DBA)) to 8i{h= 0)
Write (S)) to memory address
((Ah) + jkrn + (DBA)) (hw=0)
Write (S/) to memory address
{(&h) + nm + (DBA)) {(h= 0)
Write (S) to memory address
(ffan + (DBA)}

Wirite (S)) to memory address
{nm + (DBA))

Write (S/) to memory address
(fkm + (DBA))

Wirite (S)) to memory address
(nm + (DBA))

Wirite (S)) to memory address
((Ah} + (DBA)) (h = 0)

Write (S/ to memory address
((Ah) + {DBA)) {(h = D)
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Instruction  CAL

140ijk Vi
1414k Vi
142§k Vi
T 1420k Vi
1430k Vi
144ijk Vi
145k Vi
T 145ii Vi
148k Vi
T 14600k Vi
147ijk Vi
150§k Vi
150i0 Vi
151 ijk Vi
151i0 Vi
152ijk Vi
T 152i0 Vi
153ijk Vi
1530 Vi
154ijk Vi
1551k Vi
1564k Vi
15600k - Vi
157ijk Vi
160ijk Vi
161k Vi
162ijk Vi
163k Vi
164k Vi
1654k Vi
X 166ik Vi
Y 166ik Vi

SRVk
V&VK
SjiVk

Vk

ViVk
SAV
VAVK

0

Si VKAVM

HVM&VK
Vi VK&VM

Vj< Ak
Vi<
Vis Ak
Vi>1
ViVi< Ak
ViVf<1
ViVj> Ak
ViVis 1
Sj+ Vk
Vi+Vk
Sj-Vk
—Vk
Vji—Vk
Si*Fvk

Vj* FVk
Sj* HVk
Vj* HVK
Sj* RVK
Vj* RVk
8j* IVk

Sj* Vi

Unit

V Logical
V Logical
V Logleal
V Logical
V Logical
V Logical
V Logical
V Logical
V Logical

V Logical
V Logical

V Shift

V Shift

V Shift

V Shift

V Shift

V Shift

V Shift

V Shift

V Int Add
V Int Add
V Int Add
V Int Add
V Int Add
Fp Muit

Fp Mult
Fp Mult
Fp Mult
Fp Mult
Fp Muit
Fp Mult

Fp Mult

Daseription

Logical products of (Sj) and (VK) to Vi
Logical products of {Vj) and (V&} to Vi
Logieal sums of (S)) and (VK to Vi
Transmit (VK) to Vi

Logical sums of (V) and (Vk} to Vi
Logical differences of (S)) and (VK) to Vi
Logical differences of (Vj) and (VK) to V/
Clear Vi

Transmit (S) If VM bit = 1; (V&) if VM
bit = 0 to Vi*scalar *vector merge

Vactor merge of {VK) and 0 to Vi

Transmit (V) if VM bit = 1; (VK if VM
bit = 0 to Vi*vector *vector merge

Shitt {(V)) left (Ak) places to Vi

Shift (V) left one place to Vi

Shift (Vj) right (Ak) places to Vi

Shift (V) right cne place to Vi

Double shift (Vj) left (Ak) places to Vi
Double shift {V)) isft one place to Vi
Double shift (V) right (Ak) places to Vi
Double shift (V) right one place to Vi
Integer sums of (5)) and (VK) to Vi
Integer sums of (V) and (Vi to Vi
Integer differences of (Sf) and (VK) to Vi
Transmit negative of (V) to Vi

Integer differences of (V) and (Vk) to Vi

Floating-point products of (S}} and (Vk)
to Vi

Floating-point products of {Vj) and (Vk)
to Vi

Half-precision reunded floating-point
preducts of {S)) and (VK) to Vi

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

Rounded fioating-point products of (S))
and (VK to Vi

Rounded floating-point products of (V)
and (VK to Vi

Two minus the floating-point products of
(8 and (VK) to Vi

32-bit integer products of (8)) and (VA
to Vi
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Instruction  CAL Unit Description

167 ik Vi Vi* Wk Fp Muit Two minus the floating-point products of
(Vj) and (V&) to Vi

170ik Vi S/+ FVk Fp Add Clpating-point sums of (S)) and (VK to

i
T 1700k Vi +FVik Fp Add Normalize (VK) to Vi
171ifk Vi Vij+ FVk Fp Add \F/Ipating-point sums of (V) and (VK to
i

172k Vi Sj-FVk Fp Add Floating-point differences of (S)) and

(VK) to Vi
T 1720k Vi -FVk Fp Add :[I'ra\ti'l_smit normalized negatives of (VK)

o Vi

173ijk Vi Vj-—-FVk Fp Add Floating-point differences of (Vj) and
(VK) to Vi

174i0 Vi HVJ Fp Recp Floating-point reciprocal
approximations of (Vj) to Vi

1741 Vi PVj V Pop Population counts of (V) to Vi

1742 Vi Qvj V Pop Population count parities of (Vj) to Vi

17500 VM VijZ V Loglcal VM=1if(V)=0

175011 VM ViN V Logical VM=1Hf)=0

175072 VM Vji,P V Logleal VM= 1lf (V)) positive; 0 is positive

175043 VM ViM V Logleal VM = 1 If (V)) negative; 1 is negative

175i4 VIiVM  VjZ V Logical VM bit = 1 If (Vjelement) = 0 and

element index is loaded into
{compressed V)

1755 VIVM  VjN V Logteal VM bit = 1 if (Vjelement) = 0 and
element index is loaded Into
(compressed V)

17506 VIiVM  VjP V Loglcal VM bit = 1 if (Vjelement} = 0 and
element index is loaded Into
{compressed Vi)

17547 ViVM  ViM V Logical VM bit = 1 If (Vjelement} < 0 and
slement index is loaded into
(compressed Vi)

1760k Vi ADAk Memory Read (VL) words to Viirom memory
address ((A0) + (DBA)) incrementsd
by (Ak)

17600 Vi A1 Memory Read (VL) words to Vifram memory
address ((AQ + (DBA)) incremented
by 1

17611k Vi AQ VK Memory Read (VL) words to Vifrom memory
address ((AQ + (Vi) + (DBA)) *gather

1770k A0AK Vi Memory Write (VL) words from Vjto memory
address ({AD) + (DBA)) incremented

by {Ak)
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Instruction  CAL Unit
17700 A0, 1 Vi Memory
1771 jk AOVE Vi Memory

1 — Special syntax mode

i — Privileged to monitor modse

++ — Generated depending on exp.

W - Not supported by CAL version 2
— X-mode instruction

— Y-mods instruction

— E-mode instruction

— Read as the contents of ...

m< x =

—
e

Description

Write (VL) words from V/to memory
address ({(A0} + {DBA)) incremented

by 1
Write (VL) words from V/to memory
address ((AQ) + (VK) + (DBA)) *scatter

Register Value
Ah,h=0 g
Al,i=0 {AQ)
Aj,j=0 0
Ak k=0 1
Si,1=0 ©(S0)
8j,]=0 0
Sk, k=0 263
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