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H 0021xx Set floating point mode flag in M register i
i 0022xx Clear floating point mode flag in M register i

These instructions set (0021xx) or clear (0022xx) the floating point
mode flag in the M register. They do not check the previous state of
the flag (there is no way of testing the flag).

When set, the floating point mode flag enables interrupts on floating
point overflow errors as described in Section 3.

Hold issue conditions

034 - 037 in process
Exchange in process
Ak reserved

Execution time

Instruction issue 1 CP

Special cases

None
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This instruction enters the vector mask (VM) register with the contents
of Sj. The VM register is cleared if the j designator is zero. This
instruction is used in conjunction with the vector merge instructions
(146 and 147) 1in which an operation is performed depending on the
contents of VM.

Hold issue conditions
034 - 037 in process
Exchange in process

Sj reserved

003 in process - unit busy 3 CPs

14x in process - unit busy (VL) + 4 CPs
175 in process - unit busy (VL) + 4 CPs

Execution time
Instruction issue 1 CP
VM ready in 3 CPs except for use in 073 instruction
For 073 instruction, VM ready in 6 CPs

Special cases
(Sj) =04ifj=0
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004 xxx Normal exit

This instruction causes an exchange sequence. The contents of the
instruction buffers are voided by the exchange sequence. If monitor
mode is not in effect, the normal exit flag in the F register is set.
A11 dinstructions issued prior to this instruction are run to completion.
Mhen all results have arrived at the operatina registers as a result

of previously issued instructions, an exchange sequence occurs to the
exchange package designated by the contents of the XA register. The
program address stored in the exchance package is advanced one count
from the address of the normal exit instruction. This instruction is
used to issue a monitor request from a user program,

Hold issue conditions
034 - 037 in process

Exchange in process

Execution time
Instruction issue 50 CPs; this time includes an exchange sequence
(36 CPs) and a fetch operation (14 CPs).

Special cases
Block instruction issue

Begin exchange sequence
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This instruction sets the P register to the parcel address specified
by the contents of Bjk causing execution to continue at that address.
The instruction is used to return from a subroutine.

Hold issue condjtions

034 - 037 1in process
Exchange in process
Execution time

Instruction issue:

Both parcels of branch in a buffer and branch address in a
buffer 7 CFs

Both parcels of branch in a buffer and branch address not
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
not in a buffer 25 CPs

Special cases

The parcel following an 005 instruction is not used for branching;
however, it can cause a delay of the 005 instruction if it is
out of buffer. See execution times.
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This two-parcel instruction sets the P register to the parcel address
specified by the low order 22 bits of the ijkm field. Execution
continues at that address. The high order bit of the ijkm field is

ignored.

Hold jssue conditions

034 - 037 in process
Exchange in process

Execution time

Instruction issue:

Both parcels of branch in the same buffer and branch address
in a buffer 5 CPs

Both parcels of branch in the same buffer and branch address
not in a buffer 14 CPs

Both parcels of branch in different buffers and branch
address in a buffer 7 CPs

Both parcels of branch in different buffers and branch
address not in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
not in a buffer 25 CPs

Special cases

None

2240004
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This two-parcel instruction sets register By, to the address of the
fo]]owing parcel. The P recister is then set to the parcel address
specified by the low order 22 bits of the ijkm field. Execution
continues at that address. The high order bit of the ijkm field fis
igncred. The purpose of this instruction is to provide a return
linkage for subroutine calls. The subroutine is entered via e

return jump. The subroutine returns to the caller at the instruction
following the call by executing a branch to the contents of a

E register.

Hold issue conditions
034 - 037 1in process
Exchange in process

Execution time

Instruction issue:

Both parcels of branch in the same buffer and branch address
in a buffer 5 CPs

Both parcels of branch in the same buffer and branch address
not in a buffer 14 CPs

Both parcels of branch in different buffers and branch
address in a buffer 7 CPs

Both parcels of branch in different buffers and branch
address not in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
not in a buffer 25 CPs

Special cases

None
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E 010ijkm  Branch to ijkm if (Agy) = 0 E
g Cl1lijkm Branch to ijkm if (Ag) # O ;
g 012ijkm  Branch to ijkm if (Ag) positive i
i 013ijkm Branch to ijkm if (Ag) negative i
[} 1
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These two-parcel instructions test the contents of Ay for the
condition specified by the h field. If the condition is satisfied,
the P register is set to the parcel address specified by the Tow order
22 bits of the ijkm field and execution continues at that address.

The high order bit of the ijkm field is ignored. If the condition is
not satisfied, execution continues with the instruction following the

branch instruction.

Hold issue conditions

034 - 037 in process
Exchange in process
Ao busy in last 2 CPs

Execution time

Instruction issue:

Both parcels of branch in the same buffer and branch address
in a buffer 5 CPs

Both parcels of branch in the same buffer and branch address
not in a buffer 14 CPs

Both parcels of branch in different buffers and branch
address in a buffer 7 CPs

Both parcels of branch in different buffers and branch
address not in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
not in a buffer 25 CPs

Both parcels of branch in the same buffer and branch not taken 2 CPs

Both parcels of branch in different buffers and branch not taken 4 CPs

Second parcel of branch not in a buffer and branch not taken 13 CPs
Special cases

(Ay) = 0 is considered a positive condition
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i Cl4ijkm Branch to ijkm if (Sy) = 0 !
5 015ijkm  Branch to ijkm if (S;) # 0 3
; 016ijkm  Branch to ijkm if (S,) positive !
i C17ijkm  Branch to ijkm if (S,) negative 5
. .

These two-parcel instructions test the contents of Sy for the cordition
specified by the h field. If the corndition is satisfied, the P register
is set to the parcel address specified by the low crder 22 btits cf the
ijkm field ard execution continues at that address. The high order bit
of the ijkm field is ignored. If the condition is not satisfied,
execution continues with the instruction following the branch instructionr.

Hold issue conditions

034 - 037 in process
Exchange in process
Sq busy in last 2 CPs

Execution time

Instruction issue:

Both parcels of branch in the same buffer and branch address
in a buffer 5 CPs

Both parcels of branch in the same buffer and branch address
not in a buffer 14 CPs

Both parcels of branch in different buffers and branch
address in a buffer 7 CPs

Both parcels of branch in different buffers and branch
address not in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address
in a buffer 16 CPs

Second parcel of branch not in a buffer and branch address

not in a buffer 25 CPs ‘

Both parcels of branch in the same buffer and branch not taken 2 CPs

Both parcels of branch in different buffers and branch not taken 4 CPs

Second parcel of branch not in a buffer and branch not taken 13 CPs
Special cases

(Sp) = 0 is considered a positive condition
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020ijkm  Transmit jkm to Ai
021ijkm  Transmit complement of jkm to Ai

The 020 instruction enters into Ai a 24-bit value that is composed of
the 22-bit jkm field and two upper bits of zero.

The 021 instruction enters into Ai a 24-bit value that is the complement

of a value formed by the 22-bit jkm field and two upper bits of zero. The
complement is formed by changing all one bits to zero and all zero bits to
one. Thus, for the 021 instruction, the upper two bits of Ai are set to one
and the instruction provides a means of entering a negative value into Ai.

The instructions are both two-parcel instructions.

Hold issue conditions
034 - 037 in process
Exchange in process
A register access conflict

Ai reserved

Execution time
Instruction issue:
Both parcels in same buffer 2 CPs
Parcels in different buffers 4 CPs
Second parcel not in a buffer 13 CPs
Ai ready 1 CP

Special cases
None
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This one-parcel instruction enters the 6-bit quantity from the jk field
into the low order 6 bits of Ai. The upper 18 bits of Ai are zeroed.
No sign extension occurs.

Hold isssue conditions
034 - 037 in process

Exchange in process
A register access conflict

Bi reserved

Execution time
Instruction issue 1 CP
Ai ready 1 CP

Special cases

None
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This instruction enters the low order 24 bits of (Sj) into Ai. The
high order bits of (Sj) are ignored.

Hold issue conditions

034 - 037 1in process
Exchange in process

A register access conflict
Ai reserved

Sj reserved

Execution time
Instruction issue 1 CP

Ai ready 1 CP

Special cases

(Sj) =0ifj=0
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E 0244 jk Transmit (Bjk) to Ai

E 0251jk Transmit (Ai) to Bjk
1

The 024 1instruction enters the contents of Bjk into Ai.

The 025 instruction enters the contents of Ai into Bjk.

Hold issue conditions

034 - 037 in process

Exchange in process

A register access conflict (024 only)
Ai reserved

Execution time
For 024, Ai ready 1 CP
Instruction issue for 024 or 025 1 CP

Special cases

None
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E 0261j0 Population count of (Sj) to Ai
g
1
1
1)

02611 Population count parity of (Sj) to Ai; requires presence
of Vector Population Instructions Option.

The 0261j0 instruction counts the number of bits set to one in (Sj) and
enters the result into the low order 7 bits of Ai. The upper 17 bits of
Ai are zeroed.

The 026ij1 instruction counts the number of bits set to one in (Sj).
Then, the Teast significant bit, which shows the odd/even state of the
result is transferred to the least significant bit position of the Aij
register. The actual population count is not transferred. This instruc-
tion is recognized only when the Vector Population Instructions Option is
installed; otherwise it operates as a 026ij0O instruction. |

The instructions are executed in the population/leading zero count unit.

Hold issue conditions
034 - 037 in process
Exchange in process

A register access conflict
Ai reserved
Sj reserved

Execution time
Instruction issue 1 CP
Ai ready 4 CPs

Special cases
(Ai) =0 ifi=0
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This instruction counts the number of leading zeros in Sj and enters
the result into the low order seven bits of Ai. The upper 17 bits of
Ai are zeroed.

The instruction is executed in the population/leading zero count unit.

Hold issue conditions
034 - 037 in process

Exchange in process
A register access conflict

Ai reserved
Sj reserved

Execution time

Instruction issue 1 CP
Ai ready 3 CPs

Special cases
(Ai) = 64 if j =0
(Ai) = 0 if (Sj) is negative
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0307 jk Integer sum of (Aj) and (Ak) to Aij
031ijk Integer difference (Aj) and (Ak) to Aj

These instructions are executed in the address add unit.

The 030 instruction forms the integer sum of (Aj) and (Ak) and enters
the result into Ai. Mo overflow is detected.

The 031 instruction forms the integer difference of (Aj) and (Ak) and
enters the result into Ai. No overflow is detected.

Hold issue conditions

034 - 037 in process
Exchange in process

A register access conflict
Ai, Aj, or Ak reserved

Execution time

Instruction issue 1 CP
Ai ready 2 CPs

Special cases

For 030:
(Ai)= (Ak if j=0and k # 0
(Ai)=1 if j=0and k =0
(Ai)= (Aj)+1 if j#0and k=20
For 031:
(Ai)= -(Ak) if j=0and k #0
(Ai)= -1 if j=0and k =0

(Ai)= (Aj)-1 if j#0and k =0
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This instruction forms the integer product of (Aj) and (Ak) and
enters the low order 24 bits of the result into Ai. No overflow
is detected.

This instruction is executed in the address multiply unit.

Hold issue conditions

034 - 037 in process
Exchange in process

A register access conflict
Ai, Aj, or Ak reserved

Execution time
Instruction issue 1 CP

Ai ready 6 CPs

Special cases
(Ai) and (Aj) =0 if j =0
(Ak) = T and (Ai) = (Aj) ifk=0and j#0
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This instruction enters channel status information into Ai. The
and k designators and the contents of Aj define the desired information.

033i0x  Channel number of highest priority interrupt request
to Ai

033130 Current address of channel (Aj) to Aij

033ij1 Error flag of channel (Aj) to Aj

The channel number of the highest priority interrupt request is entered
into Ai when the j designator is zero. The contents of Aj specifies a
channel number when the j designator is nonzero. The value of the
current address (CA) register for the channel is entered into Ai when
the k designator is an even number. The error flag for the channel is
entered into the low order bit of Ai when the k designator is an odd
number. The high-order bits of Ai are cleared. The error flag can be
cleared only in monitor mode using the 0012 instruction.

The 033 instruction does not interfere with channel operation and is

not protected from user execution.

Hold issue conditions
034 - 037 in process

Exchange in process

A register access conflict
Ai reserved

Aj reserved

Execution time
Instruction issue 1 CP
Ai ready 4 CPs
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Special cases

(Ai) = highest priority channel causing interrupt if (Aj) = C

(Ai) = current address of channel (Aj) if (Aj) # C and k = 0,2,4,6
(Ai) = 1/0 error flag of channel (Aj) if (Aj) # O and k = 1,3,5,7
(Ai) = 0 if (Aj) =1

2 CPs must elapse after an 0012xx instruction issue before issuing
an 0337100 instruction.
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034ijk Block transfer (Ai) words from memory starting at
address (Ap) to B registers starting at register jk.
0351k Block transfer (Ai) words from B registers starting
at register jk to memory starting at address (A,)
03€ijk Block transfer (Ai) words from memory starting at
address (Ag) to T registers starting at register jk
037ijk Block transfer (Ai) words from T registers starting
at register jk to memory starting at address (Ag)

These instructions perform block transfers between memory and B or T

registers.

In all of the instructions, the amount of data transferred is specified

by the lower seven bits of (Ai). See special cases for details.

The first register involved in the transfer is specified by jk. Successive
transfers involve successive B or T registers until B,5 or T97 is reached.
Since processing of the registers is circular, Bgg will be processed

after By and Tyo will be processed after Ty7 if the count in (Ai) is

not exhausted.

The first memory location referenced by the transfer instruction is
specified by (Ag). The Ag register contents are not altered by
execution of the instruction. Memory references are incremented by one

for successive transfers.

For transfers of B registers to memory, each 24-bit value is right adjrated
in the word; the upper 40 bits are zeroed. When transferring from memory
to B registers, only the low order 24 bits are transmitted; the upper 40
bits are ignored.
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Hold issue conditions

Ay reserved

Ai reserved

Block sequence flag set (034 - 037, 176, 177)
034 - 037 1in process

Exchange in process

Scalar reference in CP2
Rank B data valid
Fetch request in last clock period

I/0 memory request

Execution time

For 034, 036:
Instruction issue 14 CPs + (Ai) if (Ai) # 0; 5 CPs if (Ai) =0

For 035, 037:
Instruction issue 6 CPs + (Ai) if (Ai) # 0; 7 CPs if (Ai) =0

Special cases

1.
2.
3.

2240004

Block all issues when in process.

Block all I/0 references.

An out-of-range memory reference will cause an interrupt condition
to occur. For 034, 036, the interrupt will occur in 2 CP + 2 issues.
For 035, 037, the interrupt will occur in 0 to 2 CP + 2 issues.
For 034, 036, memory reference out of limits will allow two
parcels to issue. For 035, 037, two to four parcels will issue.
An uncorrected memory parity error will allow a minimum of 2
issues and a maximum of 7 CPs + 2 issues.

(Ai) = 0 causes a zero block transfer.

200g > (Ai) > 100 causes a wrap-around condition

(Ai) > 177g, bits 27 through 223 are truncated. The block
transfer is equal to the value of 29 through 26.

(Rg) is used as the block length if i = 0.
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040ijkm  Transmit jkm to Si
041ijkm  Transmit complement of jkm to Si

These two-parcel instructions provide for entering immediate values
into an S register.

The 040 instruction enters into Si a 64-bit value that is composed
of the 22-bit jkm field and 42 upper bits of zero.

The 041 instruction enters into Si a 64-bit valué that is the complement
of a value formed by the 22-bit jkm field and 42 upper bits of zero. The
complement is formed by changing all one bits to zero and all zero bits
to one. Thus, for the 041 instruction, the upper 42 bits of Si are
set to one and the instruction provides for entering a negative value
into Si.
Hold issue conditions

034 - 037 in process

Exchange in process
S register access conflict
Si reserved

Execution time

Instruction issue
Both parcels in same buffer 2 CPs

Both parcels in different buffers 4 CPs
Second parcel not in a buffer 13 CPs
Si ready 1 CP

Special cases

None
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042ijk  Form 64 - jk bits of one's mask in Si from right
0431k Form jk bits of one's mask in Si from left
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The 042 instruction cenerates a mask of 64-jk ones from right to left
in Si. Thus, for example, if jk = 0, Si contains all one bits and if
jk = 778, Si contains zeros in all but the lowest order bit.

The 043 instruction generates a mask of jk ones from left to right in
Si. Thus, for example, if jk = 0, Si contains all zeroed bits and if
jk = 778, Si contains ones in all but the lowest order bit.

These instructions are executec ir tte scalar lccical unit,

Hold issue conditions
034 - 037 in process
Exchange in process
S register access conflict

Si reserved

Execution time

Instruction issue 1 CP
Si ready 1 CP

Special cases

None
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044ijk Logical product of (Sj) and (Sk) to Si

0451 jk Logical product of (Sj) and complement of (Sk) to Si
0461 jk Logical difference of (Sj) and (Sk) to Si

047ijk Logical equivalence of (Sk) and (Sj) to Si

0501 jk Scalar merge

05149jk Logical sum of (Sj) and (Sk) to Si
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These instructions are executed in the scalar logical unit.

The 044 instruction forms the logical product (AND) of {Sj) anc (Sk)
and enters the result into Si. Bits of Si are set to one when the

corresponding bits of (Sj) and (Sk) are one as in the following example:

(Sj)=1100
(Sk) =1010
(Si)=1c000

(Sj) is transmitted to Si if the j and k designators have the same non-
zero value. Si is cleared if the j designator is zero. The sign bit
of (Sj) is extracted into Si if the j designator is nonzero and the k
designator is zero.

The 045 instruction forms the logical product (AND) of (Sj) and the
complement of (Sk) and enters the result into Si. Bits of Si are set
to one when the corresponding bits of (Sj) and the complement of (Sk)
are one as in the following example:

(Sj)=1100
(Sk) =1010
(Si)=0100

Si is cleared if the j and k designators have the same value or if the
j designator is zero. (Sj) with the sign bit cleared is transmitted
to Si if the j designator is non-zero and the k designator is zeroc.
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The 046 instruction forms the logical difference (exclusive CP) of
(Sj) and (Sk) and enters the result into Si. Bits of Si are set to
one when the corresponding bits of (Sj) and (Sk) are different as in
the following example:

(sj)=1100
(Sk) =101¢0
(Si)=0110

Si is cleared if the j and k designators have the same nonzerc value.
§Sk) is transmitted to Si if the j designator is zero and the k
designator is nonzero. The sign bit of (Sj) is complemented and the
result is transmitted to Si if the j designator is ncnzero and the

k designator is zero.

The 047 instruction forms the logical equivalence o7 (Sj) and (Sk), and
enters the result into Si. Bits of Si are set to one when the
corresponding bits of (Sj) and (Sk) are the same as in the

following example:

(Sj)=1100
(Sk) =1cCc1¢0
(Si)=1001

Si is set to all ones if the j and k designators have the same nonzero
value. The complement of (Sk) is transmitted to Si if the j designator
is zero and the k designator is nonzero. A1l bits except the sign bit:
of (Sj) are complemented and the result is transmitted to Si if the j
designator is nonzero and the k designator is zero.

The 050 instruction merges the contents of (Sj) with (Si) depending
on the ones mask in Sk. The result is defined by the Boolean equation
(Si) = (S3)(Sk) + (Si)(Sk) as illustrated in the following example:

(Sk) =11110000
(Si)=11001100
(sj)=10101010
(si)=10101100
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The 05C instruction is intended for merging portions of 64-bit words
into a composite word. Bits of Si are cleared when the corresponding
bits of Sk are one if the j designator is zero and the k designator is
nonzero. The sign bit of (Sj) replaces the sign bit of Si if the j
designator is nonzero and the k designator is zero. The sign bit of
Si is cleared if the j and k designators are both zero.

The 051 instruction forms the logical sum (inclusive OR) of (Sj) and
(Sk) and enters the result into Si. Bits of Si are set when one of
the corresponding bits of (Sj) and (Sk) is set as in the following example:

(Sj)=1100
(Sk) =1010
(Si) =1110

(Sj) is transmitted to Si if the j and k designators have the same
nonzero value. (Sk) is transmitted to Si if the j designator is zero
and the k designator is nonzero. (Sj) with the sign bit set to one

is transmitted to Si if the j designator is nonzero and the k designator
is zero. A ones mask consisting of only the sign bit is entered into

Si if the j and k designators are both zero.

Hold issue conditions
034 - 037 in process

Exchange in process
S register access conflict
Si, Sj, and Sk reserved

Execution time

Si ready 1 CP
Instruction issue 1 CP

Special cases
(sj) =0 ifj=0
(sk) = 283 if k=0
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r 1
§ 052ijk  Shift (Si) Teft jk places to So §
H 053ijk Shift (Si) right 64 - jk places to Sg !
§ 054ijk  Shift (Si) Teft jk places to Si i
E 0551 jk Shift (Si) right 64 - jk places to Si i
1 1

These instructions are executed in the scalar shift unit. They
shift values in an S register by an amount specified by jk. All
shifts are end off with zero fill.

The 052 instruction shifts (Si) left jk places and enters the result
into So.

The 053 instruction shifts (Si) right by 64-jk places and enters the
result into Sp.

The 054 instruction shifts (Si) left jk places and enters the result
into Si.

The 055 instruction shifts (Si) right by 64-jk places and enters the
result into Si.

Hold issue conditions
034 - 037 in process
Exchange in process

S register access conflict
Si reserved
So reserved (052 and 053 only)

Execution time
For 052, 053, Sg ready 2 CPs

For 054, 055, Si ready 2 CPs
Instruction issue 1 CP

Special cases
None
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E 05613k Shift (Si) and (Sj) left by (Ak) places to Si E
E 0574 jk Shift (Sj) and (Si) right by (Ak) places to Si E
| ]

These instructions are executed in the scalar shift unit. They shift
128-bit values fromed by logically joining two S registers. Shift counts
are obtained from register Ak. A shift of one place occurs if the k

designator is zero.

A1l shifts are end-off with zero fill. The shift is effectively a
circular shift if the shift count does not exceed 64 and the i and j
designators are equal and nonzero. For both the 056 and 057 instructions,
(Sj) are unchanged.

The 056 instruction performs left shifts of (Si) and (Sj) with (Si)
initially the most significant bits of the double register. The high-
order 64 bits of the result are transmitted to Si. Si is cleared if the
shift count exceeds 127. The 056 instruction produces the same result
as the 054 instruction if the shift count does not exceed 63 and the j
designator is zero.

The 057 instruction performs right shifts of (Sj) and (Si) with (Sj)
initially the most significant bits of the double register. The low-order
64 bits of the result are transmitted to Si. Si is cleared if the shift
count exceeds 127. The 057 instruction produces the same result as the
055 instruction if the shift count does not exceed 63 and the j designator
is zero.
Hold issue conditions

034 - 037 1in process

Exchange in process
S register access conflict
Si, Sj, or Ak reserved

Execution time
Si ready 3 CPs
Instruction issue 1 CP

Special cases
(Sj) = 0 dif j
(Ak) = 1 if k
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E 0601 jk Integer sum of (Sj) and (Sk) to Si

5 0611jk Integer difference of (Sj) and (Sk) to Si

1

These instructions are executed in the scalar add unit.

The 060 instruction forms the integer sum of (Sj) and (Sk) and enters
the result into Si. No overflow is detected.

The 061 instruction forms the integer difference of (Sj) and (Sk) and
enters the result into Si. No overflow is detected.

Hold issue conditions
034 - 037 1in process
Exchange in process

'S register access conflict
Si, Sj, or Sk reserved

Execution time

Si ready 3 CPs
Instruction issue 1 CP

Special cases

For 060:

(si) = (Sk) ifj=0and k #0

(si) = 283 if 3 =0and k = 0

(S1) = (Sj) with 283 complemented if j # 0 and k = 0
For 061:

(s) = -(Sk) ifj=0and k #0

(Si) = (Sj) with 283 complemented if j # 0 and k = 0
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0621 jk Floating sum of (Sj) and (Sk) to Si
063ijk Floating difference of (Sj) and (Sk) to Si

- -

These instructions are performed by the floating point add unit.
Operands are assumed to be in floating point format. The result is
normalized even if the operands are unnormalized. Underflow and
overflow conditions are described in Section 3.

The 062 instruction forms the sum of the floating point quantities
in Sj and Sk and enters the normalized result into Si.

The 063 instruction forms the difference of the floating point
quantities in Sj and Sk and enters the normalized result into Si.

Hold issue conditions
034 - 037 in process
Exchange in process

Si register access conflict
Si, Sj, or Sk reserved
170 - 173 in process; unit busy (VL) + 4 CPs

Execution time
Si ready 6 CPs
Instruction issue 1 CP

Special cases

For 062:

(Si) = (Sk) normalized if j = 0 and k # O

(Si) = (Sj) normalized if (Sj) exponent is valid, j # 0 and k = 0
For 063:

(Si) = -(Sk) normalized if j = 0 and k # 0

(Si) = (Sj) normalized if (Sj) exponent is valid, j # 0 and k = 0

Arithmetic error allows 0 to 9 CPs + 2 parcels to issue before
interrupt occurs if f.p. error flag is set.
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0641 jk Floating product of (Sj) and (Sk) to Si

0651 jk Half-precision rounded floating product of (Sj) and
(Sk) to Si

06613k Rounded floating product of (Sj) and (Sk) to Si

0671jk Reciprocal iteration; 2 - (Sj) * (Sk) to Si

- - ge e e S e mu e A S e S Y S M S R e SR G S S S s e G M e e e G e e

These instructions are executed by the floating point multiply unit.
Operands are assumed to be in floating point format. The result is
not guaranteed to be normalized if the operands are unnormalized.

The 064 instruction forms the product of the floating point quantities
in Sj and Sk and enters the result into Si.

The 065 instruction forms the half-precision rounded product of the
floating point quantities in Sj and Sk and enters the result into Si.
The Tow order 18 bits of the result are cleared.

The 066 instruction forms the rounded product of the floating point
quantities in Sj and Sk and enters the result into Si.

The 067 instruction forms two minus the product of the floating point
quantities in Sj and Sk and enters the result into Si. This instruction
is used in the divide sequence as described in Section 23 under Floating
Point Arithmetic.

Hold issue conditions
034 - 037 in process
Exchange in process

S register access conflict
Si, Sj, or Sk reserved
160 - 167 in process; unit busy (VL) + 4 CPs
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Execution time

Instruction issue 1 CP
Si ready 7 CPs

Special cases
(Sj) =0if j=0
(Sk) = 263 if k =0

Arithmetic error allows 9 CP + 2 parcels to issue before interrupt

occurs if f.p. error flag is set.

2240004 4-43 £




(e}
~3
(]
—
Ca.
x
-n
—
o
Q
ot
-t
3
[{e]
-
D
(g}
~—de
o
=
o
O
v
—
o
o
©
-
o]
x
—te
3
o))
t
-t
o
>
o
—h
~
N
.
S”
t+
@]
(¥}
—

P om o e e e o e e e e S e S T e e R G SR e S B SR T am e T W e S D S e S G S S W R W S SN W N AT G0 G S SN e BD W e M R G G e

This instruction is executed in the reciprocal approximaticr unit.

The instruction forms an approximation to the reciprocal of the normalized
flcating point quantity irn Sj and enters the result inte Si. This
instruction occurs in the divide sequence to compute the quctient of

two floating point quantities as described in Secticn 3 under Floating
Point Arithmetic.

The reciprocal approximation instruction produces a result that is
accurate to 30 bits. A second approximaticn ray be generated to
extend the accuracy to 47 bits using the reciprocal iteration instruction.

Hold issue conditions
034 - 037 in process
Exchange in process

Si or &j reserved
174 in process; unit tusy (VL) + 4 CPs

Execution time
Si ready 14 CPs
Instructior issue 1 CP

Special cases

An arithmetic error allows 17 CPs + 2 parcels to issue if the
f.p. error flag is set.

(Si) is meaningless if (Sj) is not normalized; the unit assumes
that bit 247 of (Sj) = 1; no test is made of this bit.

(s3)
(S3)

0 produces a range error; the result is meaningless.

0 if j =0.
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0711ijk Transmit (Ak) or normalized floating point constanti
to Si |

1

t

This instruction performs one of several functions depending on the
value of the j designator. The functions are concerned with trans-
mitting information from an A register to an S register and with
generating frequently used floating point constants.

07110k Transmit (Ak) to Si with no sign extension

07141k Transmit (Ak) to Si with sign extension

07112k Transmit (Ak) to Si as unnormalized floating point
number

071i3k  Transmit constant 0.75 X 28 to Si

07144k Transmit constant 0.5 to Si

07115k Transmit constant 1.0 to Si

071i€k Transmit constant 2.0 to Si

071i7k Transmit constant 4.0 to Si

When the j designator is 0, the 24-bit value in Ak is transmitted to
Si. The value is treated as an unsigned integer. The high-order bits

of Si are cleared.

When the j designator is 1, the 24-bit value in Ak is transmitted to
Si. The value is treated as a signed integer. The sign bit of Ak is
extended to the high order bit of Si.

When the j designator is 2, the 24-bit value in Ak is transmitted to
Si as an unnormalized floating point quantity. The result can then
be added to zero to normalize. For this instruction, the exponent in
bits 1 through 15 is set to 400604. The sign of the coefficient is
set according to the sign of Ak. If the sign bit of Ak is set, the
two's complement of Ak is entered into Si as the magnitude of the
coefficient and bit 0 of Si is set for the sign of the coefficient.
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48
When the j designator is 3, the constant 0.75 x 2  is entered into
Sq.

When the j designator is 4, 5, 6, or 7, the normalized floating point
constant 0.5, 1.0, 2.0, or 4.0, respectively is transmitted to Si.

Hold issue conditions

034 - 037 1in process
Exchange in process

Si register access conflict
Si reserved

Ak reserved (all instructions)

Execution time

Si ready 2 CPs
Instruction issue 1 CP

Special cases
(Ag) =1 if k=20

(Si) = (Bk) if j =0

(Si) = (Ak) sign extended if j =1
(Si) = (Ak) unnormalized if j = 2
(Si) = 0.6 x 2%% (octal) if j = 3
(Si) = 0.4 x 29 (octal) if j = 4
(Si) = 0.4 x 2} (octal) if j =5
(Si) = 0.4 x 22 (octal) if j = €
(Si) = 0.4 x 23 (octal) if j =7
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r 1
I 072ixx  Transmit (RTC) to Si E
t 073ixx  Transmit (VM) to Si i
§ 074ijk  Transmit (Tjk) to Si i
5 075ijk  Transmit (Si) to Tik E
e —————————————————————————————————— 3

These instructions transmit register values to Si except for instruction
075 which transmits (Si) to Tjk.

The 072 instruction enters the 64-bit value of the real-time clock into
Si. The clock is incremented by one each clock period. The real-time
clock is cleared by the operating system at system initialization and
can be reset only by the monitor through use of the 0014 instruction.

The 073 instruction enters the 64-bit value of the vector mask (VM)
register into Si. The VM register is usually read after having been set
by the 175 instruction.

The 074 instruction enters the contents of Tjk into Si.

The 075 instruction enters the contents of Si into Tjk.

Hold issue conditions

034 - 037 1in process

Exchange in process

Si register access conflict (072, 073, and 074 only)
Si reserved

For 073 only:
175 in process, unit busy (VL) + 6 CPs
003 in process, unit busy 6 CPs

Execution time
Instruction issue 1 CP
For 072 through 074, Si ready 1 CP
For 075, Tjk ready 1 CP

Special cases
None
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0761k Transmit (Vj element (Ak)) to Si
0771k Transmit (Sj) to Vi element (Ak)

These instructions transmit a €4-bit quantity between a Y register
element and an S register.

The 076 instruction transmits the contents of an element of register

Vj to Si.

The 077 instruction transmits the contents of register Sj to an element
of register Vi.

The Tow-order six bits of (Ak) determine the vector element for either

instruction.

Hold issue conditions
034 - 037 in process
Exchange in process
Ak reserved
Si register access conflict (076 only)
For 076, Si and Vj reserved
For 077, Vi and Sj reserved

Execution time
Instruction issue 1 CP
For 076, Si ready 5 CPs
For 077, Vi ready 3 CPs

Special cases
(S3)
(Ak)

1
o

0 ifJ
1if k

n
o
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10h1ijkm Read from ((Ah) + jkm) to Ai
11hijkm Store (Ai) to (Ah) + jkm
12hijkm Read from ((Ah) + jkm) to Si
13hijkm Store (Si) to (Ah) + jkm

These two parcel instructions transmit data between memory and an A
register or an S register. The content of Ah is added tc the signed
integer in the jkm field to determine the memory address. If h is O,
(Ah) is 0 and only the jkm field is used for the address. The address
arithmetic is performed by an address adder similar to but separate
from the address add unit.

The 10h and 11h instructions transmit 24-bit quantities to or from

A registers. When transmitting data from memory to an A register, the
upper 40 bits of the memory word are ignored. On a store from Ai into
memrory, the upper 40 bits of the memory word are zeroed.

The 12h and 13h instructions transmit 64-bit quantities to or from
register Si.

Hold issue conditions
034 - 037 in process
Exchange in process
Rank A conflict and unit busy 3 CPs
Rank B conflict and unit busy 2 CPs
Rank C conflict and unit busy 1 CP
Storage hold continuation

Ah reserved

For 10h and 11h only, Ai reserved

For 12h and 13h only, Si reserved

For 12h only, Si register access conflict
Fetch request in last clock period
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Execution time

Instruction issue:
Both parcels in same buffer 2 CPs
Parcels in different buffers 4 CPs
Second parcel not in a buffer 13 CPs
10h only, Ai ready 11 CPs
12h only, Si ready 11 CPs
Memory ready for next scalar read or store 4 CPs

Special cases
Rank A conflict, 3 CPs delay before Si ready
Rank B conflict, 2 CPs delay before Si ready
Rank C conflict, 1 CP delay before Si ready
Hold storage, 1 CP delay if 070 access conflict occurs
An uncorrected memory parity error will allow 14 CP + 2 parcels

to issue
An out of range error will allow 5 CP + 2 parcels to issue

(Ah) = 0 if h = 0

2240004 4-50



- - e S e R S N GR  GE N R SR D e S e G S e G G e S R WR G G G N G e S S S e SR e O e R AR R NS SR SR e A A R e v e G me e G G0 o

1

1401 jk Logical products of (Sj) and (Vk elements) to Vi i
elements i

1411jk Logical products of (Vj elements) and (Vk elements) E
to Vi elements i

1421 jk Logical sums of (Sj) and (Vk elements) to Vi elements E
1431 jk Logical sums of (Vj elements) and (Vk elements) to i
Vi elements E

1441 jk Logical differences of (Sj) and (Vk elements) to i
Vi elements i

1451 jk Logical differences of (Vj elements) and (Vk elements) §
to Vi elements i

14615k If VM bit = 1, transmit E
If VM bit i

14741k If VM bit = 1, transmit i
If VM bit = 0, transmit E

1

Sj) to Vi elements
Vk elements) to Vi elements

0, transmit

Vj elements) to Vi elements
Vk elements) to Vi elements

P~ o

These instructions are executed by the vector logical unit. The number
of operations performed is determined by the contents of the VL register.
A11 operations start with element zero of the Vi, Vj, or Vk register and
increment the element number by one for each operation performed. A1l
results are delivered to Vi.

For instructions 140, 142, 144, and 146, the content of Sj is delivered
to the functional unit for each operation as one of the operands. For
instructions 141, 143, 145, and 147, all operands are obtained from V
registers.

Instructions 140 and 141 form the logical products (AND) of pairs of
operands and enter the result into Vi. Bits of an element of Vi are set
to one when the corresponding bits of (Sj) or (Vj element) and (Vk
element) are one as in the following:
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(Sj) or (Vj element) = 1100
(Vk element) =1010
(Vi element) =100¢0

The 142 and 143 instructions form the logical sums (inclusive OR) of
pairs of operands and deliver the results to Vi. Rits of an element
of Vi are set to one when one of the corresponding bits of (Sj) or
(Vi element) and (Vk element) is one as in the following:

(S3) or (Vi element) =1100C
(Vk element) =1010¢C
(Vi element) =111¢0

The 144 and 145 instructions form the logical differerces (exclusive
OP) of pairs of operands and deliver the results to Vi. Bits of an
element are set to one when the corresponding kit of (Sj) or (Vj
element) are different from (Vk.element) as in the following:

(Sj) or (Vj element) =110 C
(Vk element) =1010
(Vi element) =011¢C

The 146 and 147 instructions transmit operands to Vi depending on the
contents of the vector mask register (VM). Bit 0 of the mask
corresponds to element O of a V register. Bit 63 corresponds to
element 63. Operand pairs used for the selection depend on the
instruction. For the 146 instructions, the first operand is always
(Sj), the second operand is (Vk element). For the 147 instruction,
the first operand is (Vj element) and the second operand is (Vk
element). If bit n of the vector mask is one, the first operand is
transmitted; if bit n of the mask is zero, the second operand (Vk
element) is selected.
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Examples

1. Suppose that a 146 instruction is to be executed and the following
register conditions exist:
(VL) = 4
(VM) = G 60000 0000 0000 0000 0000
(s2) = -1
(Element 0) of V6
(
(

]

Element 1) of V6
Element 2) of V6
(Element 3) of V6 = 4
Instruction 146726 is executed and following execution, the first four
elements of V7 contain the following values:
(Element 0) of V7 =1

1
2
3

(Element 1) of V7 = -1
(Element 2) of V7 = -1
(Element 3) of V7 = 4

The remaining elements of V7 are unaltered.

Suppose that a 147 instruction is to be executed and the following
register conditions exist:

(VL) = 4

(vM) = 0 600000 0000 0000 0000 0000

(Element 0) of V2 =1 (Element 0) of V3 = -1
(Element 1) of V2 = 2 (Element 1) of V3 = -2
(Element 2) of V3 = 3 (Element 2) of V3 = -3
(Element 3) of V4 = 4 (E1emert 3) of V3 = -4

Instruction 147123 is executed and following execution, the first four
elements of V1 contain the following values:
(Element 0) of V1 = -1
(Element 1) of V1
(Element 2) of V1
(Element 3) of V1 = -4
The remaining elements of V1 are unaltered.

[{]
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Hold issue conditions
034 - 037 1in process
Exchange in process
Vi or Vk reserved

14x in process, unit busy (VL) + 4 CPs
175 in process, unit busy (VL) + 4 CPs
003 in process, unit busy 3 CPs

For 140, 142, 144, 146 only, Sj reserved
For 141, 143, 145, 147 only, Vj reserved

Execution time
Instruction issue 1 CP
Vi ready 9 CPs if (VL)< 5
Vi ready (VL) + 4 CPs if (VL) > 5
Vj or Vk ready 5 CPs if (VL) £ 5
Vj or Vk ready (VL) CPs if (VL)>5
Unit ready (VL) + 4 CPs
Chain slot ready 4 CPs

Special cases
(Sj) =0ifj=0
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15013k Single shift of (Vj elements) left by (Ak) places to
Vi elements

1511 jk Single shift of (Vj elements) right by (Ak) places to
Vi elements

These instructions are executed in the vector shift unit. The number

of operations performed is determined by the contents of the VL register.
Operations start with element O of the Vi and Vj registers and end with
elements specified by the contents of VL-1.

A11 shifts are end-off with zero fill. The shift count is obtained
from (Ak) and elements of Vi are cleared if the shift count exceeds 63.

Hold issue conditions
034 - 037 1in process

Exchange in process

Vi or Vj reserved

Ak reserved

150 - 153 in process, unit busy (VL) + 4 CPs

Execution time
Instruction issue 1 CP
Vi ready 11 CPs if (VL) <5
Vi ready (VL) + 6 CPs if (VL) > 5
Vj ready 5 CPs if (VL) £ 5
Vj ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs
Chain slot ready 6 CPs

Special cases
(Ak) =1 if k=0
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1521 jk Double shifts of (Vj elements) left (Ak) places to
Vi elements

153ijk Double shifts of (Vj elements) right (Ak) places to
Vi elements

These instructions are executed in the vector shift unit. They shift
128-bit values formed by logically joining the contents of two elements
of the Vj register. The direction of the shift determines whether the
upper bits or the lower bits of the result are sent to Vi. Shift counts

are obtained from register Ak.

A1l shifts are end-off with zero fill.
The number of operations is determined by the contents of the VL register.

The 152 instruction performs left shifts. In the general case, element

0 of Vj is joined with element 1 and the 128-bit quantity is shifted left
by the amount specified by (Ak). The 64 high order bits of the result
are transmitted to element O of Vi. The figure below illustrates this

operation.
(Element 0) of Vj (Element 1) of Vj
(Element 0) -— (Ak)
S——
End off 64-bit result to element 0 of Vi

If (VL) were 1, element O would have been joined with 64 bits of zero and
only the one operation would be performed. If (VL) > 2, the operation
continues by joining element 1 with element 2 and transmitting the 64-bit
result to element 1 of Vi. This is illustrated as follows:

(Element 1) of Vj (Element 2) of Vj

(Element 1)

<—(Ak)

Endvéff 64-bit result to element 1 of Vi
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If (VL) were 2, however, element 1 would have been joined with 64 bits of
zero and only two operations would be performed. Thus, the last element
of Vj as determined by (VL) is joined with 64 bits of zeros. The following
figure illustrates this operation.

(Element (VL)-1) of Vj 000......... 0

(Elemenf ...0 ~— (Ak)

End of f 64-bit result to element (VL)-1 of Vj

If (Ak) > 128, the result is all zeros. If (Ak) > 64, the result register

contains (Ak) - 64 zeros.

Example:

Suppose that a 152 instruction is to be executed and the following
register conditions exist:

(VL) = 4

(A1) = 3

(Element 0) of V4 = 0 00000 0000 0000 0000 0007

(Element 1) of V4 = 0 60000 0000 0000 0000 0005

(Element 2) of V4 = 1 00000 0000 0000 0000 0006

(Element 3) of Vu =1 60000 0000 0000 0000 0007

Instruction 152541 is executed and following execution, the first four

elements of Vs contain the following values:
(Element 0) of V= 0 0000C 0000 0000 0000 0073

(Element 1) of V¢ = 0 0000C 0000 0000 0000 0054
(Element 2) of V¢ = 0 00000 0000 0000 0000 0067
(Element 3) of V5 = 0 00000 0000 0000 0000 0070
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The 153 instruction performs right shifts. Element 0 of Vj is joined
with 64 Tow-order bits of zero and the 128 bit quantity is shifted

right by the amount specified by (Ak). The 64 low-order bits of the
result are transmitted to element 0 of Vi. The figure below illustrates
this operation.

000......... 0 (Element 0) of Vj

6L4-bit result to " End off
element 0 of Vi

If (VL) = 1, only the one operation is performed. In the general case,
however, instruction execution continues by joining element 0 with
element 1, shifting the 128-bit quantity by the amount specified by (Ak),
and transmitting the result to element 1 of Vi. This operation is shown
below.

(Element 0) of Vj (Element 1) of Vj

(Ak) —> (Element ) of Vj

64-bit result to End of f
element 1 of Vj

The last operation performed by the instruction joins the last element
of Vj as determined by (VL) with the preceding element. The following
figure illustrates this operation.

(Element (VL)-2) of Vj | (Element (VL)-1) of Vj

)-1) of Vj

(Ak) —» (Element

6h-bit result to End of f
element (VL)-1 of Vj

m
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If (Ak) > 128, the result is all zeros. If (Ak) > 64, the result register

contains (Ak) - 64 zeros.

Example:
Suppose that a 153 instruction is to be executed and the following
register conditions exist:
(VL) =
6) =

(A

(E]ement 0) of V, = 0 00000 0000 0000 0000 0017
( 0 60000 0000 0000 0000 0006
(Element 2) of V, = 1 00000 0000 0000 0000 0006
(Element 3) of V, = 1 60000 0000 0000 0000 0007

Instruction 153026 is executed and following execution, register Vo

Element 1) of V,

contains the following values:
(Element 0) of Vo = 0 00000 0000 0000 0000 0001
(Element 1) of Vo = 1 66000 0000 0000 0000 0000
(Element 2) of Vo = 1 50000 0000 0000 0000 0000
(Element 3) of V, = 1 56000 0000 0000 0000 0000

The remaining elements of Vo are unaltered.

Hold issue conditions
034 - 037 1in process
Exchange in process
Vi or Vj reserved
Ak reserved
150 - 153 in process, unit busy (VL) + 4 CPs

Execution time
Instruction issue 1 CP
Vi ready 11 CPs if (VL) =5
Vi ready (VL) + 6 CPs if (VL) > 5
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Execution time {continued)
Vj ready 5 CPs if (VL) < &
Vj ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs
Chain slot ready 6 CPs

Special cases
(Ak) =1 if k=0
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E 1541 jk Integer sums of (Sj) and (Vk elements) to Vi elements
E 1551jk Integer sums of (Vj elements) and (Vk elements) to

E Vi elements

E 1561 jk Integer differences of (Sj) and (Vk elements) to

E Vi elements

E 15793k Integer differences of (Vj elements) and (Vk elements)
g to Vi elements |

These instructions are executed by the vector add unit.

Instructions 154 and 156 perform integer addition. Instructions 155
and 157 perform integer subtraction. The number of additions or
subtractions performed is determined by the contents of the VL register.
A11 operations start with element zero of the V registers and increment
the element number by one for each operation performed. A1l results

are delivered to elements of Vi. No overflow is detected.

- Instructions 154 and 156 deliver (Sj) to the functional unit as one
of the operands for each operation. The other operand is an element
of Vk. For instructions 155 and 157, both operands are obtained from
V registers.

Hold issue conditions

034 - 037 in process

Exchange in process

Vi or Vk reserved

154 - 157 1in process, unit busy (VL) + 4 CPs
For 154 and 156 only, Sj reserved

For 155 and 157 only, Vj reserved
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Execution time

Instruction issue 1 CP

Vi ready 10 CPs if (VL) <5

Vi ready (VL) + 5 CPs if (VL) > §
Vj or Vk ready 5 CPs if (VL) <5
Vj or Vk ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs

Chain slot ready 5 CPs

Special cases
For 154, if j
For 156, if j

(Vk element)
-(Vk element)

0 and (Vi element)
0 and (Vi element)

0, then (Sj)
0, then (Sj)
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g 1601 jk Floating products of (Sj) and (Vk elements) to Vi

E elements

E 1617jk Floating products of (Vj elements) and (Vk elements)
E to Vi elements

E 16273k Half-precision rounded floating products of (Sj)

E and (Vk elements) to Vi elements

E 1631 jk Half-precision rounded floating products of (Vj

E elements) and (Vk elements) to Vi elements

E 16413k Rounded floating products of (Sj) and (Vk elements)
i to Vi elements

i 1651 jk Rounded floating products of (Vj elements) and (Vk

E elements) to Vi elements

i 1661 jk Reciprocal iterations; 2 - (Sj) * (Vk elements) to

E Vi elements

f 1€71jk Reciprocal iterations; 2 - (Vj elements) * (Vk

E elements) to Vi elements

1

These instructions are executed in the floating point multiply unit.
The number of operations performed by an instruction is determined by
the contents of the VL register. A1l operations start with element
zero of the V registers and increment the element number by one for
each success operation.

Operands are assumed to be in floating point format. Even-numbered
instructions in the group deliver (Sj) to the functional unit for each
operation as one of the operands. The other operand is an element of
Vk. For odd-numbered instructions in the group, both operands are
obtained from V registers.

A11 results are delivered to elements of Vi. If the operands are
unnormalized, there i1s no guarantee that the products will be normalized.

Out of range conditions are described in Section 3.

2240004 4-63 E




The 160 instruction forms the products of the floating point quantity
in Sj and the floating point quantities in elements of Vk and enters
the results into Vi.

The 161 instruction forms the products of the floating point quantities
in elements of Vj and Vk and enters the results into Vi.

The 162 instruction forms the half-precision rounded products of the
floating point quantity in Sj and the floating point quantities in
elements of Vk and enters the results into Vi. The low order 18 bits
of the result elements are zeroed.

The 163 instruction forms the half-precision rounded products of the
floating point quantities in elements of Vj and Vk and enters the
results into Vi. The Tow order 18 bits of the result elements are
zeroed.

The 164 instruction forms the rounded products cf the floating point
quantity in Sj and the floating point quantities in elements of Vk
and enters the results into Vi.

The 165 instruction forms the rounded products of the floating point
quantities in elements of Vj and Vk and enters the results into Vi.

The 166 instruction forms for each element, two minus the product of
the floating point quantity in Sj and the floating point quantity in
elements of Vk. It then enters the results into Vi.

The 167 dinstruction forms for each element pair, two minus the product

of the floating point quantities in elements of Vj and Vk and enters
the results into Vi.
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Hold issue conditions
034 - 037 1in process

Exchange in process
Vi or Vk reserved
16x in process, unit busy (VL) + 4 CPs
For 160, 162, 164, and 166:
Sj reserved
For 161, 163, 165, and 167:
VJj reserved

Execution time
Instruction issue 1 CP
Vi ready 14 CPs if (VL) < 5
Vi ready (VL) + 9 CPs if (VL) > 5
Vi or Vk ready 5 CPS if (VL) ¢ 5
Vj or Vk ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs
Chain slot ready 9 CPs

Special cases
(Sj) =049fj=0

Arithmetic error allows a minimum of 21 CP + 2 parcels
and a maximum of (VL) + 20 CP + 2 parcels to issue
before interrupt occurs if floating point error flag set.
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1701 jk Floating sums of (Sj) and (Vk elements) to Vi
elements

17143k Floating sums of (Vj elements) and (Vk elements) to
Vi elements

17213k Floating differences of (Sj) and (Vk elements) to
Vi elements

1731 jk Floating differences of (Vj elements) and (Vk
elements) to Vi elements

These instructions are executed by the floating point add unit.
Instructions 170 and 171 perform floating point addition; instructions
172 and 173 perform floating point subtraction. The number of additions
or subtractions performed by an instruction is determined by the contents
of the VL register. A1l operations start with element zero of the V
registers and increment the element number by one for each operation
performed. A1l results are delivered to Vi. The results are normalized
even if the operands are unnormalized.

Instructions 170 and 172 deliver (Sj) to the functional unit for each
operation as one of the operands. The other operand is an element of
Vk. For instructions 171 and 173, both operands are obtained from V
registers.

Out of range conditions are described in Section 3.

Hold issue conditions
034 - 037 in process

Exchange in process
Vi or Vk reserved
17C - 173 in process, unit busy (VL) + 4 CPs
For 170, 172:
Sj reserved
For 171, 173:
Vj reserved
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" Execution time
Instruction issue 1 CP

Vi ready 13 CPs if (VL) £ §

Vi ready (VL) + 8 CPs if (VL) > 5

Vj and Vk ready 5 CPs if (VL)X5

Vj and Vk ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs

Chain slot ready 8 CPs

Special cases
(Sj) =04if j=0

Arithmetic error allows a minimum of 13 CP + 2 parcels and
a maximum of (VL) + 12 CP + 2 parcels to issue before
interrupt occurs if f.p. error flag set.
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1741 30 Floating point reciprocal approximations of (Vj
elements) to Vi elements
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This instruction is executed in the reciprocal approximation unit.

The instruction forms an approximate value of the reciprocal of the
normalized floating point quantity in each element of Vj and enters
the result into elements of Vi. The number of elements for which
approximations are found is determined by the contents of the VL
register.

The 174 instruction occurs in the divide sequence to compute the
quotients of floating point quantities as described in Section 3
under Floating Point Arithmetic.

The reciprocal approximation instruction produces results that are
accurate to 30 bits. A second approximation may be generated to
extend the accuracy to 47 bits using the reciprocal iteration
instruction.

Hold issue conditions
034 - 037 in process

Exchange in process
Vi or Vi reserved
174 in process, unit busy for (VL) + 4 CPs

Execution time

Instruction issue 1 CP

Vi ready 21 CPs if (VL) < 5

Vi ready (VL) + 16 CPs if (VL) > 5
Vj ready 5 CPs if (VL) £ 5

Vj ready (VL) CPs if (VL) > 5

Unit ready (VL) + 4 CPs

Chain slot ready 16 CPs
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Special cases .
(Vi element) is meaningless if (Vj element) is nct normalized;

the unit assumes that bit 2“7 of (Vj element) is one; no test
of this bit is made.

Arithmetic error allows a minimum of 21 CP + 2 parcels and
a maximum of (VL) + 20 CP + 2 parcels to issue before

interrupt occurs if f.p. error flag set.

If the Vector Population Instructions Option is installed, the k
field becomes relevant and allows recognition of the 174ij1 and
174ij2 dinstructions. When this option is installed, the k field
must be 0 for the floating point reciprocal approximation instruc-

tion.
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These instructions require the presence of the Vector Population Instruc-
tions Option. If this option is not installed, these instructions are
executed as vector reciprocal approximation instructions.

The 174ij1 instruction counts the number of bits set to one in each
element of Vj and enters the results into corresponding elements of Vi.
The results are entered into the low order 7 bits of each Vi element;
the remaining higher order bits of each Vi element are zeroed.

The 1741j2 instruction counts the number of bits set to one in each

element of Vj. The least significant bit of each element result shows
whether the result is an odd or even number. Only the least significant

bit of each element is transferred to the least significant bit position

of the corresponding element of register Vi. The actual population count
results are not transferred.

These instructions are implemented in the vector population count functional
unit which requires the presence of the Vector Population Instructions Option.
Hold issue conditions

034-037 in process

Exchange in process

Vi reserved

Vk reserved

174 in process; unit busy for (VL) + 4 CPs

Execution time

Instruction issue 1 CP

Vi ready 13 CPS if (VL) < 5

Vi ready (VL) + 8CPs if (VL) > 5
Vj ready 5 CPs if (VL) < 5

Vj ready (VL) CPs if (VL) > 5
Unit ready (VL) + 4 CPs

Chain slot ready 8 CPs
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175xjk Test (Vj elements) and enter test results
into VM; the type of test made is defined by k

This instruction creates a vector mask in VM based on the results of
testing the contents of the elements of register Vj. Each bit of VM
corresponds to an element of Vj. Pit O corresponds to element 0;
bit 63 corresponds to element 63.

The type of test made by the instruction depends on the lower two bits
of the k designator. The upper bit of the k designator is not
interpreted.

If the k designator is 0, the VM bit is set to one when (Vj element)
is zero and is set to zero when (Vj element) is nomzerc.

If the k designator is 1, the VM bit is set to one when (Vj element)
is nonzero and is set to zero when (Vj element) is zero.

If the k designator is 2, the VM bit is set to one when (Vj element)
is positive and is set to zero when (Vj element) is negative. A zero
value is considered positive.

If the k designator is 3, the VM bit is set to one when (Vj element)
is negative and is set to zero when (Vj element) is positive. A zero
value is considered positive.

The number of elements tested is determined by the contents of the VL
register. VM bits corresponding to untested elements of Vj are zeroed.

The 175 vector mask instruction provides a vector counterpart to the
scalar conditional branch instructions.

The 175 vector mask instruction uses the vector logical unit.
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Hold issue conditions

034 - 037 in process

Exchange in process

Vi reserved

14x in process, unit busy (VL) + 4 CPs
003 in process, unit busy 3 CPs

175 in process, unit busy (VL) + 4 CPs

Execution time

Instruction issue 1 CP

Vj ready 5 CPs if (VL) £ 5

Vj ready (VL) CPs if (VL) > 5

Unit ready except for 073 instruction (VL) + 4 CPs
Unit ready for 073 instruction (VL) + 6 CPs

Special cases

k =0or 4, VM bit xx
1 or 5, VM bit xx
2 or 6, VM bit xx
3or 7, WM bit xx

if (Vj element xx) = 0
if (Vj element xx) # 0
if (Vi element xx) is positive
if (Vj element xx) is regative

n
— e e

k
k
k
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1761 xk Transmit (VL) words from memory to Vi elements
starting at memory address (Ag) and incrementing
by (Ak) for successive addresses

177xjk Transmit (VL) words from Vj elements to memory
starting at memory address (Ap) and incrementing
by (Ak) for successive addresses

R )

These instructions transfer blocks of data between V registers and memory.
The 176 instruction transfers data from memory to elements of register Vi.
The 177 instruction transfers data from elements of register Vj to memory.
Register elements begin with zero and are incremented by one for each
transfer. Memory addresses begin with (Ag) and are incremented by the
contents of Ak. Ak contains a signed integer which is added to the
address of the current word to obtain the address of the next word. Ak
may specify either a positive or negative increment allowing both forward
and backward streams of reference.

The number of words transferred is determined by the cohtents of the VL

register.

Hold issue conditions
034 - 037 in process
Exchange in process
Ag reserved
Ak reserved where k = 1 through 7
Block sequence flag set (034 - 037, 176, 177)
Scalar reference
Rank B data valid
Fetch request in last clock period
For 176, vector register i reserved
For 177, vector register j reserved
I/0 memory request
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Execution time

For 176:
Instruction issue except for 034-037, 100-137, 176, 177: 1 CP
Instruction issue for above exceptions: (VL) + 4 CPs
Vi ready 14 CPs if (VL) < 5
Vi ready (VL) + 9 CPs if (VL) > 5
For 177:
Instruction issue except for 034-037, 100-137, 176, 177: 1 CP
Instruction issue for above exceptions: (VL) + 5 CPs
Vi ready 5 CPs if (VL) < §
Vj ready (VL) CPs if (VL) > ¢

Special cases

The increment, (Ap),=1if k =0
Chain slot issue is 9 CPs if full speed for 176, blocked for 177

Block I/0 references
Block 024 - 037, 100 - 137, 176, 177

(Ak) determines speed control. There are 16 memory banks;
successive addresses are located in successive banks. References
to the same bank can be made every 4 CPs or more. Incrementing
(Ak) by 16" places successive memory references in the same bank,
so a word is transferred every 4 CPs. If (Ak) is incremented

by 8,t1T every other reference is to the same bank and words can
transfer every 2 CPs. With any address incrementing that allows
4 CPs before addressing the same bank, the words can transfer
each CP.

Memory reference out of 1limits will allow 6 CPs + 2 parcels to jssue.

For 176, a parity error will allow a minimum of 16 CPs + 2 parcels
to issue and a maximum of (VL) + 15 CPs + 2 parcels to issue.

T g places for 8-bank memory option. Refer to section 5.
i 4 places for 8-bank memory option. Refer to section 5.
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MEMORY SECTION 5

INTRODUCTION

The memory for the CRAY-1 normally consists of 16 banks+ of bi-polar LSI
memory. Three memory sizes are available:

262,144 words,
524,288 words, or
1,048,576 words.

The banks are independent of each other.

MEMORY CYCLE TIME

The memory cycle time is four clock periods (50 nsec). The access time,
that is, the time required to fetch an operand from memory to an opera-
tional register is 11 clock periods (127.5 nsec).

MEMORY ACCESS

The memory of the CRAY-1 Computer System is shared by the computation
section and the I/0 section. A single port access is provided.

Because of the interleaving scheme used to address the independent banks,
it is possible to reference memory every clock period with a new request.
It is not possible, however, to reference any one bank sooner than its

4 CP cycle time. Trying to reference a bank more often than every 4 CPs
causes memory conflicts. These conflicts are handled in an orderly, pre-
dictable manner.

A11 block transfers require memory to be quiet before issuing. Once

issued, they block all other memory requests. Multiple block transfers
cannot issue without allowing one waiting I/0 reference to complete. The
maximum duration of a lockout caused by block transfers is one block length.

Vector block transfers may conflict with themselves. Therefore, the vector
logic provides for identifying these conditions (speed control) and for
¥ See eight-bank phasing.
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slowing or disallowing the vector operations that would be affected by the
slowed memory referencing rate. The vector logic identifies 1/4 speed
(4 CP), 1/2 speed (2 CP), and full speed (1CP) data rates from memory.

Fetch operations require memory to be quiet before referencing memory.
Once the fetch request is honored, all other memory references are blocked.

Exchange operations require memory to be quiet before referencing memory.
After the exchange has issued, all other memory references are blocked.

Scalar and I/0 memory references are examined in three registers for
possible memory conflicts. These three registers contain the lower 4 bits+
of each of the referenced memory addresses. These registers plus the ad-
dress register represent the 4 CPs between referencing any one bank. The
first bank is rank A, the second is rank B, and the third is rank C. At
each clock, the contents of the registers are shifted down one rank until
they are discarded unless a conflict arises, in which case the conflicting
address is held in rank B until the conflict is resolved.

I/0 requests are tested against ranks A, B, and C. Coincidence with rank
A, B, or C disallows the request. An I/0 request that is disallowed must
wait eight clock periods before it can request again.

The following conditions must be present for an I/0 memory request to be
processed:

1. 1I/0 request
No coincidence in rank A, B, or C

w N

No scalar memory reference instruction in clock period two of
its sequence (scalar priority over 1/0)

4. No fetch request

5. No 176, 177, or 034 through 037 instruction in progress.
6. No exchange sequence

7. No 033 request (not a memory conflict)

Scalar instruction memory requests are tested in ranks A, B, and C for
memory conflicts. Scalar instructions have priority over I/0 requests
arriving at memory in the same clock period.

T See eight-bank phasing.
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A scalar conflict in rank A (CP 2 of a scalar instruction) causes a hold
storage on this instruction for three clock periods. At the same time,

a hold issue signal blocks the issue of another scalar reference instruc-
tion. The only memory conflict that may occur in rank A is a scalar ref-
erence conflicting with a previous I/0 reference. It is not possible for
a scalar to conflict with a scalar in rank A because it takes two clock
periods to issue a scalar reference instruction.

h scalar conflict in rank B (CP 3) causes a hold storage on this instruc-
tion for two clock periods. Also, a hold issue signal blocks issue of
another scalar reference instruction.

A scalar conflict in rank C (CP 4) causes a hold storage on this instruc-
tion for one clock period. There is also a hold issue signal, which
blocks issue of another scalar reference instruction.

Under normal operating conditions on codes performing a mix of vector and
scalar instructions, the memory access will support four disk and three
interface channels without degrading the CPU computation rate. However,

a single program requiring memory access continuously will be measurably
degraded by maximum I/0 transfer conditions. This is caused by the delays
imposed on the issue of vector memory instructions because block transfers
require memory quiet before issue.

MEMORY ORGANIZATION

The memory is organized into 8 or 16 interleaved banks to minimize memory
conflicts and to exploit the speed of the memory chip. Each bank occupies
a chassis and contains 72 modules. Each module contributes one data or
check bit to each 72-bit word in the bank; a memory word consists of 64
data bits and 8 check bits.

The 16-bank phasing is standard on the CRAY-1; 8-bank phasing, allowing

a maximum memory size of 1/2 million owrds, can be accomplished by replac-
ing two modules and setting the bank select switch to the Teft or the
right banks. This option is available on any 16-bank memory machine.
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MEMORY ADDRESSING

A word in a 16-bank memory is addressed in 20 bits as shown in figure 5-1.
The Tow order four bits specify one of the 16 banks.
The next field specifies an address within the chip.
The upper bits specify one of the chips on the module.

219 23 20
chip bit address 4-bit
address in ghip ) bank

Figure 5-1. Memory address; 16 banks

A word in a 1/2 million word 8-bank memory is addressed in 19 bits (not
shown):

The low order three bits specify one of the 8 banks

The next field specifies an address within the chip

The upper bits specify one of the chips on the module.

Addressing a full million words with 8-bank phasing is possible. In this
case, the right/left bank select switch determines only whether the Tower
half of memory or the upper half is selected first in the addressing scheme
by inverting or not inverting bit 2!°. Under program control, bit 2!°
selects the lower or upper half of memory because the bit is injected at
bit 2! of the memory address.

SPEED CONTROL

For 176 and 177 instructions, (Ak) determines speed control (table 5-1).

Table 5-1. Vector memory rate * 80 x 10° references per second

Phasing Increment or multiple
1-3}1 4 |5-7]1 8 |9-11 12 ]13-15 16

8-bank 1 |12 1 |1/41 1 1/2 1 1/4

16-bank 1 1 1 ]1/72| 1 1 1 1/4
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For eight banks, incrementing 8 places causes successive references in the
same bank so that a word is transferred every 4 CPs. If (Ak) is incremented

by 4, an 8-bank memory transfers words every 2 CPs.

8-BANK PHASING OPTION

The 8-bank phasing option makes possible a system consisting of one-half
million words arranged in only eight banks. Any 16-bank system can exercise
the option by replacing two modules and setting the bank select switch to
the left or right banks. A system constructed with only eight banks of
modules but with all 12 of its columns can be upgraded to a 16-bank full
million words by completing the remaining banks.

The effect of 8-bank phasing on instruction fetches is a predictable
increase of 4 clock periods for filling an instruction buffer. Otherwise,
the amount of performance degradation for 8 banks as compared with 16
banks is not readily predictable since it largely results from an increase

of memory conflicts for vector memory references.

For other differences, refer to the preceding paragraphs on MEMORY ADDRESS-
ING and SPEED CONTROL.

MEMORY PARITY ERROR CORRECTION

An error correction and detection network between the CPU and memory
assures that the data written into memory can be returned to the CPU
with consistent precision. (Refer to figure 5-2.)

The network operates on the basis of single error correction, double error
detection (SECDED). If one bit of a data word is altered, the single

error alteration is automatically corrected before passing the data word

to the computer. If two bits of the same data word are altered, the double
error is detected but not corrected. In either case, the CPU may be inter-
rupted depending on interrupt options selected to prevent incorrect data
from contaminating a job. For three or more bits in error, results are

ambiguous.
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Figure 5-2. Memory data path with SECDED

The SECDED error processing scheme is based on error detection and
correction codes devised by R. W. HammingT. An 8-bit check byte is
appended to the 64-bit data word before the data is written in memory.

The eight check bits are each generated as even parity bits for a

specific group of data bits. Figure 5-3 shows the bits of the data

word used to determine the state of each check bit. An X in the
horizontal row indicates that data bit contributes to the generation

of that check bit. Thus, check bit number 0 (bit 2%*) is the bit making
group parity even for the group of bits 2!, 23, 25, 27, 29, 211, 213, 215,
217, 219, 221, 223 225 227 229 and 23! through 255.

The eight check bits are stored in memory at the same location as the
data word. When read from memory, the same 72-bit matrix of figure 5-3
is used to generate a new set of parity bits, which are even parity bits
of the data word and the old check bits. The resulting eight parity bits
are called syndrome bits, shown as bits 64 through 71 in figure 5-3.

T Hammiqg, R.W., "Error Detection and Correcting Codes". Bell System
Technical Journal, 29, No., 2, 147-160 (April, 1950).
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BYTE O BYTE 1 BYTE 2 BYTE 3
AL A A

A———

—\ r Y r
0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30 31
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X % X X X X X X X X
X X X X X X X X X X b3 X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X
BYTE 4 BYTE S BYTE 6 BYTE 7
-~ A - — A \ r % — - A N
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
X X X X X X X X X X X X X X X x X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X bt X X X X
X X X X X X X X X X X X X X X
X X X X X be X X X X X X X X X
CHECK BYTE
64 65 66 67 68 69 70 71
X So
X S1
X §2
X S3
X Sy
X S5
X S6
x §7

Figure 5-3. Error correction matrix

The states of these "S" bits are all symptoms of any error that occurred.

The matrix is designed so that any change of state of one data bit will
change an odd number of syndrome bits. An error in two columns changes
the parity states of an even number of bit groups. Therefore, a double
error appears as an even number of syndrome bits set to 1.

The matrix is designed so that SECDED decodes the syndrome bits and
determines the error condition using the following
1. If all syndrome bits are 0, no error occurred.

2. If only one syndrome bit is 1, the associated check bit
is in error.
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5.

2240004

If more than one syndrome bit is 1 and the parity of

all syndrome bits SO through S7 is even, then a double
error occurred within the data bits or check bits.

If more than one syndrome bit is 1 and the parity of all
syndrome bits is odd, then a single and correctable error
is assumed to have occurred. The syndrome bits can be
decoded to identify the bit in error.

Results are ambiguous for three or more bits in error.
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INPUT /OUTPUT SECTION 6

I/0 CHANNELS

The Input/Output section of the CRAY-1 contains 24 I/0 channels of which
twelve are input channels and twelve are output channels. The channels

are assigned the numbers 2 through 31g.
Three basic types of control iogic for I/0 channels are available:

1. 16-bit asynchronous, for which three versions exist and are
identified by their module types, as follows:

a. DJ/DK module, used for MCU interface only
b. DU/DK module, used for interfacing other devices (normal)
c. DV/DK module, used for interfacing other devices (special)
2. 16-bit high-speed asynchronous
3. 16-bit synchronous (disk channel)

Each type of channel has the same electrical interface to the I/0 cable
but differs in timing, protocol, and data rates.

CHANNEL GROUPS

Channels are divided into four groups, as follows:

Group 1 Input channels 2, 6,12, 16, 22, 26
Group 2 Output channels 3, 7,13, 17, 23, 27
Group 3 Input channels 4, 10, 14, 20, 24, 30
Group 4 Output channels 5, 11, 15, 21, 25, 31

I/0 INSTRUCTIONS

The instructions used with I/0 channels are:

0010jk Set the current address (CA) register for the channel
indicated by (Aj) to (Ak) and activate the channel

0011k Set the 1imit address (CL) register for the channel
indicated by (Aj) to (Ak)

0012jx Clear the interrupt flag and error flag for the channel

indicated by (Aj)
0033ijk Transmit I/0 status to Ai

2240004 6-1 E




BASIC CHANNEL OPERATION

Each input or each output channel directly accesses the CRAY-1 memory.
Input channels store external data in memory and output channels read

data from memory. A primary task of a channel is to convert 64-bit memory
words into 16-bit parcels or 16-bit parcels into 64-bit memory words. Four
parcels make up one memory word, with bits of the parcels assigned to
memory bit positions as shown in table 6-1. In both input and output
operations, parcel 0 is>a1ways transferred first.

Each channel consists of a data channel (4 parity bits, 16 data bits, and
3 control lines), a 64-bit assembly or disassembly register, a current
address register, and a limit address register.

The three control signals are: ready, resume, and disconnect. These

control signals coordinate the transfer of parcels over the channels.

The method of coordination varies among the types of channel; the dif-
ferent methods are explained later.

In addition to the three control signals, some channels have a master clear
Tine. The DJ, DU, and DV module input channels (asynchronous) have master
clear lines. The DO module output channel (high-speed asynchronous) has a
master clear line. The SI module output channel (synchronous) has a mas-
ter clear line.

Table 6-1. Channel word assembly/disassembly

Characteristic Bit position Number of bits Comment
Channel data bits 215 - 20 16 Four 4-bit groups
Channel parity bits 4 One per 4-bit group
CRAY-1 word 283 _ 20 64

Parcel 0 263 . "8 16 First in or out
Parcel 1 27 - 32 16 Second in or out
Parcel 2 231 . 216 16 Third in or out
Parcel 3 215_ 20 16 Fourth in or out
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[/0 interrupts can be caused by the following:

e On all output channels, if (CA) becomes equal to (CL), then

for each of the module types on the transmission of the last
four parcels:

DK module - Resume for last parcel sets interrupt
DO module - Resume for last word sets interrupt
SI module - Interrupt sets when last Ready is sent.

o (CA) becomes equal to (CL) on DV input module.
e External device disconnect received on any input channel.
e Channel error condition (described later in this section).

The number of the channel causing an interrupt can be determined by the

use of a 033 instruction which reads to Ai the highest priority channel
number requesting an interrupt. The Towest numbered channel has the high-
est priority. The interrupt request continues until cleared by the monitor
program at which time an interrupt from the next highest priority channel,
if present, may be sensed.

INPUT CHANNEL PROGRAMMING

To start an input operation, the CRAY-1 program must perform the following
steps:

1. Set the channel limit address to the last word address+1 (LWA+1).
See figure 6-1.

2. Set the channel current address to the first word address (FWA).

Setting the current address causes the channel active flag to be set and
the channel is then ready to receive data. When a 4-parcel word is
assembled, the word is stored in memory at the address contained in the
channel current address register. When the word is accepted by memory,
the current address is advanced by 1.

The external transmitting device sends a disconnect pulse to indicate
the end of the transfer. When the disconnect is received, the channel
interrupt flag sets and a test is performed to check for a partially
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BEGIN
':=47
SET

CHANNEL
LIMIT

SET
CHANNEL ADDRESS
(Channel is activated)
DATA IS TLANSFERRED
[}
RECEIVE JNTERRUPT

GET
CHANNEL
INTERRUPT NO.

CLEAR

INTERRUPT YES
FLAG
DETERMINE
1 NUMBER OF WORDS
CONTINUE TRANSFERRED
NO YES CLEAR
ABORT RETRY? INT. ERROR [

FLAGS

Figure 6-1. Basic I/0 program flow chart

assembled word. If a partial word is found, the valid portion of the word
is stored in memory and the unreceived, Tower-order parcels are stored as

zeros.  For the DV module, (CA) = (CL) causes the I/0 interrupt request
unless the disconnect is received before the word count is exhausted.

The interrupt flag sets when a disconnect pulse is received or when an
error condition is detected. Setting the interrupt flag deactivates the
input channel.

Input channel error conditions

1. Parity error

DJ/DK asynchronous channel (MCU channel) - The parcel in which
the error occurs will immediately set the channel error flag,
deactivate the channel and generate an I/0 interrupt request.
If the error occurred in parcel 0, 1, or 2, the last 64-bit
word is not stored. A1l input ready pulses received after

the channel is deactivated are resumed but the data parcels
are discarded.
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SH/SI synchronous channel (disk channel) - The parcel in which the
error occurs causes a parity fault flag to set. When parcel 3
arrives, or if parcel 3 is in error, a memory reference is initi-
ated and the parity fault flag causes the channel error flag to
set which in turn generates an I/0 interrupt request. The channel
error flag also deactivates the channel. Data parcels received
after the parcel in error are not sampled. Parcels received up to
and including the parcel in error are stored in memory. Any un-
sampled lower-order parcels are stored as zeros. Once the channel
is deactivated, no more resume pulses are sent to the DCU to request
the remainder of the data block.

A1l other channels - The channel samples and stores the data until
the parcel containing the error is received. At this time, the
channel error flag is set and the data transfer proceeds as if no
error had occurred. The transfer continues until the disconnect
occurs or until (CA) = (CL) for a DV module channel. The inter-

rupt is then generated and the channel is deactivated.

2. Unexpected ready pulse

DV/DK asynchronous channel - Data is held and the resume occurs
when the channel is reactivated. No error interrupt is generated.
SH/SI synchronous channel (disk channel) - The data is resumed
and thrown away. An error interrupt is generated. This channel
uses this method to flag fire code errors.
A1l other channels - The data is resumed and thrown away. An
error interrupt is generated.

DU Module

The input channel control logic for the DU module differs from the DJ module

in two respects.

1.

2240004

When a parity error is detected, the condition is noted and saved
but the Channel Error Fiag (CE) is not set until the Input Dis-
connect pulse arrives. This change prevents an error interrupt
request from occurring and no data is lost. The only interrupt
request that occurs in this situation is the normal one at dis-
connect time, even though the Channel Error Flag is set at this
time to indicate the parity fault condition.

For the DU module, the input channel is not forced active by the

clear I/0 signal. If, however, the channel is already active,
it remains active.
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DV module

The input channel control logic for the DV module differs from that for

the DJ module in six respects.

1.

2240004

When a parity error is detected, the condition is noted and saved
but the Channel Error Flag (CE) is not set until the Input Dis-
connect pulse arrives. This change prevents an error interrupt
request from occurring and no data is lost. The only interrupt
request that occurs in this situation is the normal one at dis-
connect time, even though the Channel Error Flag is set at this
time to indicate the parity fault condition.

For the DV module, the input channel is not forced active by the
Clear I/0 signal. If, however, the channel is already active, it
remains active.

In an Input Ready pulse is received while the input channel is not
active, even if (CA) = (CL), the ready.is held until the channel
goes active or until a Master Clear is received, (i.e., a Clear
I/0 signal is generated by the MCU or a Programmed I/0 Master
Clear sequence is performed). No error interrupt request is made.

If the channel address (CA) equals the limit address (CL) and the
input channel is active, an interrupt request is generated and the
input channel goes inactive without receiving an Input Disconnect
pulse. When the Disconnect pulse is received after (CA) = (CL),
it is ignored since the interrupt request has already been generated.
The only conditions that cause the Channel Error (CE) flag to set are:
a. Input Ready and Reference; double Ready condition
b. Input Ready and Active and (CA) = (CL); double Ready condition
c. Parity Fault Flag set and Disconnect

d. Parity Fault Flag set and Active and (CA) = (CL)

The Clear I/0 signal clears the Parity Fault flag.
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OUTPUT CHANNEL PROGRAMMING

To start an output operation, the CRAY-1 program must:

1. Set the channel T1imit address to the last word address + 1 (LWA+1)
2. Set the channel current address to the first word address (FWA).

Setting the current address causes the channel active flag to be set. The
channel reads the first word from memory addressed by the contents of the
channel's current address register. When the word is received from memory,
the channel advances the current address by one and starts the data transfer.

After each word is read from memory and the current address is advanced, a
1imit test is made. The test compares the contents of the channel's current
address register and the channel's limit address reaister. If they are
equal, the transfer is completed as soon as the present word is transferred.
Then, a disconnect pulse is sent to indicate the end of the transfer.

When the disconnect pulse is sent, the channel is deactivated and an I/0
interrupt request is generated by the channel.

Qutput channel error condition

The interrupt flag also sets if an error is detected. The only error that
an output channel detects is a resume pulse received when the channel is
not active.

16-BIT ASYNCHRONOUS CHANNELS

Input channels

Table 6-2 illustrates a general view of an input signal sequence.

Data Bits 2° through 215 - Data Bits 29, 21, ...,2!° are signals
carrying a 16-bit parcel of data from the external device to the
CRAY-1. They must all be valid within 80 nanoseconds after the
leading edge of the Ready signal. Data Bit signals must remain
unchanged on the Tines until the corresponding resume is received
by the external device. Normally, data is sent coincident with
the Ready pulse and is held until the subsequent Ready pulse.
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Table 6-2 16-bit asynchronous input channel signal exchange
(DJ, DU, or DV modules)

CRAY-1 External

Activate channel (Set CL and CA).

<———— Data 263-2%8 with Ready
Resume ———

<«——— Data 247-232 with Ready
Resume ———»

<«——— Data 231-21% with Ready
Resume —»

<«——— Data 215-20 with Ready
Write word to memory and advance current address.
10a. Resume ——

10b. For DV only, if (CA) = (CL), go to 13.
11. If more data, go to 2.

W 0 N O O B W N =

12. <«——— Disconnect

13. Set interrupt and deactivate channel.

Parity Bits O through 3 - Parity Bits 0 through 3 are each assigned
to a 4-bit group of data bits. The parity bits are set or cleared to
give the bit group odd parity. Bit assignments are as follows:

Parity Bit 0 Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 21!
Parity Bit 3 Data Bits 212 - 215

Parity bits are sent from the external device to the CRAY-1 at the
same time as the data bits. They are held stable in the same way as
are the data bits.

Ready - The Ready signal sent to the CRAY-1 indicates that a parcel
of data is being sent to the CRAY-1 input channel and may be sampled.
The Ready signal is a pulse 50 + 10 nanoseconds wide (at 50% voltage
points). The leading edge of Ready at the CRAY-1 begins the timing
for sampling the data bits.

Resume - Resume is sent from the CRAY-1 to the external device to show
that the parcel was received and that the CRAY-1 is ready for the next
data transmission. Resume is a pulse 50 + 3 nanoseconds wide (at 50%

voltage points).
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Disconnect - This signal is sent from the external device to the
CRAY-1 and means that the transmission from the external device is
complete. It is sent after the Resume is received for the last Ready.
Discon?ect is a pulse 50 + 10 nanoseconds wide (at the 50% voltage
points).

Channel Master Clear - This signal may be programmed (see description
of Programmed Master Clear later in this section) or may result from
a Clear I/0 Signal.

Output channels

Table 6-3 illustrates a general view of an output signal sequence.

Table 6-3. 16-bit asynchronous output channel signal exchange
(DK module)

CRAY-1 External

O 00 N O O & W N =
e s e e e e e e e

[ S R Wi
w N = O

Activate channel (set CL and CA)
Read word from memory and advance current address
Data 2°3-248 with Ready ————

<«—— Resume
Data 247-232 with Ready —

<«+«——— Resume
Data 23!-216 with Ready —»

<«—— Resume
Data 215-20 with Ready —

<«—— Resume
If (CA) # (CL), go to 2.
Disconnect ———
Set interrupt and deactivate channel.

Data Bits 2° through 215 - Data Bits 20, 21, ..., 215 are signals
carrying a 16-bit parcel of data from the CRAY-1 to an external
device. They are all sent at the same time, within 5 nanoseconds
of the leading edge of the Ready pulse. Data Bit signals remain
steady on the lines until the next parcel is sent.
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Parity Bits O through 3 - Parity Bits 0, 1, 2, and 3 are each assigned
to a 4-bit group of data bits. The parity bits are set or cleared to
give the bit broup odd parity. Bit assignments are as follows:

Parity Bit 0 Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 211
Parity Bit 3 Data Bits 212 - 215

Parity bits are sent from the CRAY-1 to the external device at the
same time as the data bits. They are held stable in the same way as
are the data bits.

Ready - The Ready signal sent from the CRAY-1 to the external device
indicates that the data is present and may be sampled. The Ready
signal is a pulse 50 + 3 nanoseconds wide (at 50% voltage points).
The Teading edge of Ready may be used to time data sampling in the
external device.

Resume - Resume is sent from the external device to the CRAY-1 to
show that the parcel was received and that the external device is
ready for the next parcel transmission. Resume is a pulse 50 + 10
nanoseconds wide (at 50% voltage points).

Disconnect - Disconnect is a signal sent from the CRAY-1 to the
external device that means the transmission from the CRAY-1 is
complete. It is sent after the CRAY-1 has received the Resume
from the last Ready. The Disconnect is a pulse 50 t 3 nanoseconds
wide (at 50% voltage points).

16-BIT HIGH-SPEED ASYNCHRONOUS CHANNELS

Input channels

Table 6-4 illustrates a general view of an input signal sequence.

Data Bits 2° through 25 - Data Bits 29, 2!, ..., 215 are signals
carrying a 16-bit parcel of data from the external device to the
CRAY-1. The data lines must be stable no Tater than 80 nanoseconds
after the leading edge of the associated Ready pulse and must be
held stable until at Teast 120 nanoseconds after the leading edge
of the same Ready. Note that if the device is transmitting at the
maximum allowable rate, it is normal for a data parcel to overlap
the subsequent Ready pulse. Typically, data is transmitted 50 nsec
after the leading edge of Ready and held until 50 nsec after the
leading edge of the following Ready pulse.

Parity Bits O through 3 - Parity Bits 0, 1, 2, and 3 are eagh a
parity bit assigned to a 4-bit group of data bits. The parity
bits are set or cleared to give the bit group odd parity.
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Table 6-4. 16-bit high-speed asynchronous input channel signal exchange
(DN module)

CRAY-1 External
1. Activate channel (set CL and CA)
2. Resume ———
3. Resumg —>
4. Resume —
5. Resume ——» - If done, go to 11.
6. <«——— Data 2%3- 2%8 with Ready
7. <«——— Data 2%7- 232 with Ready
8. <«——— Data 23'- 2!® with Ready
9. <«—— Data 2'5- 29 with Ready
10. Write word to memory and advance current address; go to 2.
11. <«———— Disconnect
12. Set interrupt and deactivate channel.

Bit assignments are as follows:

Parity Bit O Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 211
Parity Bit 3 Data Bits 212 - 215

Parity bits are sent from the external device to the CRAY-1 at the
same time as the data bits. They are held stable in the same way as
are the data bits.

Ready - The Ready signal sent to the CRAY-1 indicates that data will
soon be sent to the CRAY-1 input channel and may be sampled. The
Ready signal is a pulse 50 + 10 nanoseconds wide (at the 50% voltage
points) sent in groups of four. The leading edge of Ready at the
CRAY-1 begins the timing for sampling the data bits.

The time from the leading edge of one Ready pulse to the leading edge
of the following Ready pulse in the same group must be greater than
90 nsec. The first Ready pulse of a group may be transmitted by the
device as soon as it detects the leading edge of the first Resume
pulse for that group.
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Resume - This signal is sent to the external device to show that the
CRAY-1 1is ready for the next data transmission. Resume is a pulse

52 ; 3 nanoseconds wide (at the 50% voltage points) sent in groups
of four.

For any group of Resume pulses, the time from the leading edge of
one Resume to the leading edge of the next Resume is 100 + 3 nsec.

Disconnect - This signal is sent from the external device to the
CRAY-1 and indicates that the transmission from the external device
is complete. It is sent after the last Ready. The Input Dis-
connect pulse must be transmitted no earlier than 20 nsec after

the leading edge of the final Ready pulse. Disconnect is a pulse
50 + 10 nanoseconds wide (at the 50% voltage points).

Output channels

Table 6-5 illustrates a general view of an output signal sequence.

Table 6-5. 16-bit high-speed asynchronous output channel signal exchange
(DO module)

CRAY-1 External

1. Activate channel (set CL and CA).
2. Read word from memory and advance current address.
3. Data 263-2"8 with Ready —»
4. Data 2%7-232 with Ready ——»
5. Data 23!-2!% with Ready —»
6. Data 2!°-2° with Ready —»

(with Disconnect if this is the last word)
7. <«—— Resume
8. If (CA) # (CL), go to 2.
9. Set interrupt and deactivate channel.

Data Bits 2° through 2!5 - Data Bits 2%, 21, ..., 2!° are signals
carrying a 16-bit parcel of data from the CRAY-1 to an external
device. They are ail sent at the same time, within 5 nanoseconds
of the lTeading edge of the Ready pulse. Data Bit signals remain
steady on the Tines until the next parcel is sent.
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Parity Bits O through 3 - Parity Bits 0, 1, 2, and 3 are each assigned
to a 4-bit group of data bits. The parity bits are set or cleared to

give the bit group odd parity. Bit assignments are as follows:

Parity Bit 0 Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 211
Parity Bit 3 Data Bits 212 - 215

Parity bits are sent from the CRAY-1 to the external device at the
same time as the data bits. They are held stable in the same way as
are the data bits.

Channel Master Clear - The Channel Master Clear may be programmed

(see description of Programmed Master Clear later in this section)

or may the result of a Clear I/0 signal. The Master Clear signal may
be used by the external devices for control purposes or may be ignored.

Ready - The Ready signal sent from the CRAY-1 to the external device
indicates that the data is present and may be sampled. The Ready
signal is a pulse 50 + 3 nanoseconds wide (at the 50% voltage points)
sent in groups of four. For any group of Ready pulses, the time

from the leading edge of one Ready to the leading edge of the

next Ready is 100 + 3 nanoseconds. The Teading edge of Ready

may be used to time data sampling in the external device.

Resume - Resume is sent from the external device to the CRAY-1 to
show that the 64-bit word of four parcels was received and that the
external device is ready for the next word (four parcels). Resume

is a pulse 50 + 10 nanoseconds wide (at the 50% voltage points). The
pulse must be received at the CRAY-1 no earlier than 230 nanoseconds
after the leading edge of the first Ready pulse is transmitted.

Disconnect - Disconnect is a signal sent from the CRAY-1 to the

external device that means the transmission from the CRAY-1 is

complete. It is sent with the last Ready + 3 nanoseconds. The

Disconnect pulse is 50 + 3 nanoseconds wide (at the 50% voltage points).
16-BIT SYNCHRONOUS CHANNELS

Input channels

Table 6-6 illustrates a general view of an input signal sequence.

Data Bits 20 through 2!5 - Data Bits 20, 2!, ..., 215 are signals
carrying a 16-bit parcel of data from the external device to the
CRAY-1. They are all valid within 5 nanoseconds of each other.
Data Bit signals must remain unchanged on the lines until the next
parcel is sent.
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Table 6-6. 16-bit synchronous input channel signal exchange
(SH module)

CRAY-1 External
1. Activate channel (set CL and CA).
2. Resume ————»
3. <«—— Data 2°3-2"8 with Ready
4. Resume ————>»
5. Resume —» 12&2:“ <«——— Data 2%7- 232, no Ready
6. Resume ———» <«——— Data 23!- 216, no Ready
7. <«—— Data 2!5- 20 | no Ready
8. MWrite word to memory; advance current address.
9. If Tast word, go to 16.
10. Resume ——»
11. Resume ——— |,00 ncec <+ Data 263.248  no Ready
12. Resume —» pulse <«—— Data 2%7-232, no Ready
13. Resume —— <«———— Data 23!1-216, no Ready
14. <«—— Data 215-20 | no Ready
15. Go to 8.
16. Wait for Disconnect. <«—— If jast word, Disconnect.
17. Set interrupt and deactivate channel.

Parity Bits O through 3 - Parity Bits 0, 1, 2, and 3 are each assigned
to a 4-bit group of data bits. The parity bits are set or cleared to
give the bit group odd parity. Bit assignments are as follows:

Parity Bit O Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 211
Parity Bit 3 Data Bits 212 - 215

Parity bits are sent from the external device to the CRAY-1 at the
same time as the data bits. They are held stable in the same way as
are the data bits.
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Ready - The Ready signal is a block ready in response to the first
resume of a block. The Ready signal is a pulse 50 + 10 nanoseconds
wide (at the 50% voltage points). It is sent from the external device
to the CRAY-1.

Resume - Resume is sent from the CRAY-1 to the external device to
initiate the synchronous data transfer and to time the sending of
data at the CRAY-1. The Resume pulse is 50 + 3 nanoseconds wide
(at the 50% voltage points). Following the first resume, which
awaits a ready response, the signal is sent in one group of three
resumes followed by as many groups of four resumes as required to
complete the block transfer.

Disconnect - Disconnect is a signal sent from the external device
to the CRAY-1 indicating that transmission from the external device
is complete. It is sent with parcel 2 of the last data word or at
any later time. Disconnect is a pulse 50 + 10 nanoseconds wide (at
the 50% voltage points).

Block length restrictions - The input channel has no restrictions on
block Tength. The mass storage controller, which is the only device
connected to this type of channel, has rigid restrictions on its
block lengths. Input transmissions are limited to 1 or 4 or 512
64-bit words.

Cabling restrictions - The synchronous channels use a fixed length
cable providing constant propagation time for the signals. This

cable delay is designed into the control logic; therefore, the cable
length and propagation speed cannot be changed. The total cable
length between the CRAY-1 and the external device is 17 feet (518 cm).
The cable run for a synchronous channel uses one 10 foot (305 cm)
drop cable at the CRAY-1 and one 7 foot (213 cm) length of data cable
at the external device.

Clock - A clock signal is supplied over a separate cable (one per
DCU cabinet) to the external device from the CRAY-1. This clock
signal synchronizes signals at the external device interface connector.

Output channels

Table 6-7 illustrates a general view of an output signal sequence.

Data Bits 2° through 2'°> - Data Bits 20, 2!, ..., 215 are signals
carrying a 16-bit parcel of data from the CRAY-1 to the external
device. They are sent with the leading edge of the Ready pulse
+ 5 nsec. Data Bit signals remain unchanged on the Tines until
the next parcel is sent.

Parity Bits 0 through 3 - Parity Bits 0, 1, 2, and 3 are each assigned
to a 4-bit group of data bits. The parity bits are set or cleared to
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Table 6-7. 16-bit synchronous output channel signal exchange
(ST module)

CRAY-1 External

w
.

W 00 N O o b
. . . . . )

10.

11.
12.
13.
14.
15.

Activate channel (set CL and CA).
Read word from memory and advance current address.
Data 263-248 with Ready ———
(With Disconnect if last word)
<«—— Resume

Data 2"7-232 with Ready —
150 nsec Ready

Data 23!-216 with Ready ———
pulse

Data 215-20 with Ready ——
If (CA) = (CL), go to 15.

Read word from memory and advance current address.
Data 263-248 with Ready ————
(With Disconnect if (CA) = (CL))

Data 247-232 —— — » 200 nsec  Ready

Data 231-216 — pulse

Data 2!15-20 ——

If (CA) # (CL), go to 9.
Set interrupt and deactivate channel.

give the bit group odd parity. Bit assignments are as follows:

Parity Bit O Data Bits 20 - 23
Parity Bit 1 Data Bits 2% - 27
Parity Bit 2 Data Bits 28 - 211
Parity Bit 3 Data Bits 2!2- 215

Parity bits are sent from the CRAY-1 to the external device at the
same time as the data bits. They are held stable in the same way
as are the data bits.

Channel Master Clear - The Channel Master Clear may be programmed
(see description of Programmed Master Clear later in this section)

or may be the result of a Clear I/0 signal. The programmed Master
Clear to external is a static signal sent from the CRAY-1 to an
external device. The Master Clear signal may be used by the external
device for control purposes or it may be ignored.
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Ready - The Ready signal is sent from the CRAY-1 to the external
device to indicate that the data is valid. The first Ready signal

is a pulse 50 t+ 3 nanoseconds wide (at the 50% voltage points).
Following the first ready, which awaits a resume response, the signal
is sent in one group of three readies followed by as many groups

of four readies as required to complete the block transfer.

Resume - Resume is sent from the external device to the CRAY-1 in
response to the first Ready signal. The Resume pulse is 50 + 10
nanoseconds wide (at the 50% voltage points).

Disconnect - Disconnect is a signal sent from the CRAY-1 to the
external device indicating that the transmission from the CRAY-1

is complete. It is sent with parcel 0 of the last 64-bit data word.
Discon?ect is a pulse 50 + 3 nanoseconds wide (at the 50% voltage
points).

Block length restrictions - The output channel has no restrictions
on block Tength. The mass storage controller, which is the only
device connected to this type of channel, has rigid restrictions on
its block lengths. OQutput transmissions are limited to 1 or 512
64-bit words.

Cabling restrictions - The synchronous channels use a fixed length
cable providing a constant propagation time for the signals. This
cable delay is designed into the control logic; therefore, the cable
length and propagation speed cannot be changed. The total cable length
between the CRAY-1 and the external device is 17 feet (518 cm). The
cable run for a synchronous channel uses one 10 foot (305 cm) drop
cable at the CRAY-1 and one 7 foot (213 cm) length of data cable at

the external device.

Clock - A clock signal is supplied over a separate cable (one per
DCU cabinet) to the external device from the CRAY-1. This clock
signal synchronizes signals at the external device interface connector.

PROGRAMMED MASTER CLEAR TO EXTERNAL

The CRAY-1 contains a mechanism for sending a Master Clear signal to an
external device.

Sequence for normal-speed channels

For the normal-speed asynchronous channels (DJ/DK, DU/DK, DV/DK), delays
1 and 2 are device dependent. For CRI interfaces, they sould be at least

1 microsecond.
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External Master Clear sequence for 16-bit normal-speed asynchronous channel:

1. 0012 jk Clear output channel to insure CRAY-1 activity on the
channel pair has stopped.

2. 0012 jk Clear <nmput channel to insure external activity on the
channel pair has stopped.

3. 00115k Set the Znput channel 1imit to an arbitrary value.

4. 0010 jk Set the <nput channel current address equal to the same

value. This initiates the Master Clear signal.

5. 2012 jk Clear the input channel. This stops the input channel
activity just initiated.

6. Delay 1 Device dependent - this determines the duration of the
Master Clear signal.

7. 0011 jk Set the Znput channel Timit. This value may be the same
value as used in steps 3 and 4. This turns off the Master
Clear signal.

8. Delay 2 Device dependent - this allows time for initialization
activities in the attached device to complete.

Sequence for high-speed channels

For the high-speed synchronous channel (SH/SI), delay 1 should be a
minimum of 1 clock period and delay 2 a minimum of 20 clock periods.

External Master Clear sequence for high-speed synchronous and asynchronous
(DN/DO) channels:

1. 0012 jk Clear output channel interrupt to assure that CRAY-1
activity on the channel pair has stopped.

2. 0012 jk Clear <mput channel interrupt to assure that external
activity on the channel pair has stopped.

3. 0011jk Set the output channel limit to an arbitrary value.
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4. 0010 jk Set the output channel current address equal to the same
value. This initiates the Master Clear signal.

5. 0012 jk Clear the output channel. This stops the output channel
activity just initiated.

6. Delay 1 Device dependent - this determines the duration of the
Master Clear signal.

7. 0011 jk Set the output channel limit. This value may be the same
value as used in steps 3 and 4. This turns off the Master
Clear signal.

8. Delay 2 Device dependent - this allows time for initialization
activities in the attached device to complete.

9. Read disk subsystem status (high-speed synchronous channel
only). A subsystem status should be taken and discarded
to remove any false status left by the Master Clear
sequence.

MEMORY ACCESS

Each of the four channel groups is assigned a time slot (figure 6-2),
which is scanned once every four clock periods for a memory request. The
lowest-numbered channel in the group has the highest priority. A memory
request, whether accepted or rejected, causes the requesting channel to
miss the next time slot. Therefore, any given channel can request a
memory reference only every eight clock periods. However, another channel
in the same group as a channel that has just made a memory request can
cause a memory request four clock periods later. During the next three
clock periods, the scanner will allow requests from the other three
channel groups. Therefore, it is possible to have an I/0 memory request

every clock period.
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1/0 LOCKOUT

An I/0 memory request can be locked out by a block transfer. Multiple
block transfers cannot issue without allowing one waiting I/0 reference to
complete. The maximum duration of a Tockout caused by block transfers is

one block length.

Exchange sequences and instruction fetch sequences can also cause lockouts.

MEMORY BANK CONFLICTS

Memory bank conflicts are tested for CPU scalar references and I/0 memory
references. A1l other memory references (block transfers, exchange
sequences, instruction fetch sequences) wait issue until all memory banks
are quiet. When a block transfer, exchange sequence, or instruction fetch
sequence has issued, all other memory references are locked out.

Each memory bank can accept a new request every four clock periods. To
test for a memory bank conflict, the lower four b1"chr of the memory address
move through three l-clock-period registers. The first reaister is rank A,
the second is rank B, and the third is rank C. On the fourth clock, the
address is placed in the memory address register.

I/0 MEMORY CONFLICTS

Before coincidence can be tested, a check is made to insure that no block
transfer, exchange sequence, instruction fetch sequence, or scalar CP2 is
in progress. If so, the I/0 request is blocked and must be resubmitted
eight clock periods later. The lower four bits' of an I/0 reference are
tested against ranks A, B, and C. Coincidence with rank A, B, or C dis-
allows the I/0 request. These ranks may be holding previous scalar or I/0
memory requests. An I/0 request that is disallowed must wait eight clock
periods before it can request again.

T Three bits for 8-bank phasing; see description in section 5.
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I/0 MEMORY REQUEST CONDITIONS

The following conditions must be present for a memory request to be
processed:

1. I/0 request

2. No coincidence in rank A, B, or C

3. No scalar instruction in clock period two of a scalar sequence
4. No fetch request

5. No 176, 177, or 034 through 037 process

6. No exchange sequence

7. No 033 request

I/0 MEMORY ADDRESSING
A1l 1/0 memory references are absolute. The current and 1imit registers

are 20 bits, allowing I/0 access to all of memory. Setting of the current
and limit registers is Timited to monitor mode.

REAL-TIME CLOCK

Programs can be timed precisely by using the clock period counter. This
counter is advanced one count each clock period of 12.5 nanoseconds. Since
the clock is advanced synchronously with program execution, it may be used
to time the program to an exact number of clock periods.

Instructions used with the real-time clock are:
001430 Enter the real-time clock register with (Sj)
0724 xx Transmit (RTC) to Si

The clock period counter is a 64-bit counter that can be read by a program
through the use of the 072 instruction and can be reset only by the 0014j0
monitor instruction.
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PROGRAMMABLE CLOCK OPTION

Cray Research provides as a standard option a programmable clock thay may
be used tc measure the duration of intervals accurately. A periodic inter-
rupt can be generated with intervals selected under monitor program control.
The clock frequency is 80 Mhz. Intervals from 12.5 nanoseconds to

53.7 seconds are possible; however, intervals shorter than about 100
microseconds are not practical due to the monitor overhead involved in
processing the interrupt.

INSTRUCTIONS

Provided with the clock are four additional instructions made possible by
redefining the k designator for the 0014 instruction. The option also
makes available two additonal registers: the interrupt interval register
(I1) and the interrupt countdown counter (ICD).

0014j4 Enter interrupt interval (II) register with (Sj)
001435 Clear the programmable clock interrupt request
0014j6 Enable the programmable clock interrupt request
001437 Disable the programmable clock interrupt requests

INTERRUPT INTERVAL REGISTER

The interrupt interval (II) register is a 32-bit register that can be
loaded with a binary value equal to the number of clock periods that are
to elapse between programmable clock interrupt requests. The interrupt
interval is transferred from the lower 32 bits of the Sj register into
both the interrupt interval register and the interrupt countdown (ICD)
counter when the 0014j4 instruction is executed. This interval value is
held in the register and repeatedly sampled by the interrupt countdown
counter until another 0014j4 instruction is received to change the interval
value.
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INTERRUPT COUNTDOWN COUNTER
The interrupt countdown (ICD) counter is a 32-bit counter that is preset

to the contents of the interrupt interval register when the 0014j4 instruc-
tion is executed. This counter runs continuously but counts down, decrement-
ing by one each clock period until the contents of the counter are zero. At
this time, it sets the programmabie clock interrupt request. The counter
then samples the interval value held in the interrupt interval register and
repeats the countdown to zero cycle, setting the programmable clock
interrupt request at regular intervals determined by the interval value.
When the programmable clock interrupt request is set, it remains set

until a 001435 instruction, clear programmable clock interrupt request,

is executed. A programmable clock interrupt request can be set only after
the 0014j6 instruction has been executed to enable the interrupt. A pro-
grammable clock interrupt request only causes an interrupt when not in
monitor mode; a request set in monitor mode is held until the system
switches to user mode.

CLEAR PROGRAMMABLE CLOCK INTERRUPT REQUEST
Following a program interrupt interval, an active programmable clock

interrupt request may be cleared by executing the 0014j5 clear program-
mable clock interrupt instruction.

Following any deadstart, the monitor program should insure the state of
the programmable clock interrupt by clearing programmable clock interrupt
requests (0014j5) and disabling programmable clock interrupt requests (0014j7).
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SUMMARY OF TIMING INFORMATION A

When issue conditions are satisfied an instruction completes in a fixed
amount of time. Instruction issue may cause reservations to be placed

on a functional unit or registers. Knowledge of the issue conditions,

instruction execution times and reservations permit accurate timing of

code sequences. Memory bank conflicts due to I/0 activity are the only
element of unpredictability.

SCALAR INSTRUCTIONS

Four conditions must be satisfied for issue of a scalar instruction:

1. The functional unit must be free. No conflicts can arise with other
scalar instructions; however, vector floating point instructions
reserve the floating point units. Memory references may be delayed

due to conflicts.
2. The result register must be free.
3. The operand register must be free.

4. Issue is delayed 1 clock period if a result register group input path
conflict would exist with a previously issued instruction. One input
path exists for each of the four register groups (A, B, S and T).

Scalar instructions place reservations only on result registers. A result
register is reserved for the execution time of the instruction. No
reservations are placed on the functional unit or operand registers.

A transmit vector mask to Si (073) instruction is delayed by (VL) + 6
clock periods from the issue of a previous vector mask (175) instruction
and is delayed by 6 clock periods from the issue of a preceding transmit
(Sj) to VM (003) instruction.
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Execution times in clock periods are given below.

(A=A register, M=Memory, B=B register, S=S register, I=Immediate, C=Channel)

24-bit results:

A<M 11x A= 4
M-<—A 1* A-— A+A 2
A—=<8 1 A - AxA 6
B=—A 1 A ~<—pop(S) 4
A<—S5S 1 A <—1zc(S) 3
A<1 1 VL <A 1
64-bit results:
S<—M 11* S - S+§ 3
M=<—$ 1* S=<—S(f.add)s 6%
ST 1 S <«—S(f.mult)S 7*
T <5 1 S <—S(r.a.) 14*
el | 1 S <YV 5
S <—S(log.)S 1 V-<<S§ 3
S <«—S(shift)I 2 S -<—VM 1
S <—S(shift)A 3 S «—RTC 1
S <—S(mask)I 1 S<—A 2
RTC =S 1 VM-S 3

* Issue may be delayed because of a functional unit reservation by a
vector instruction. Memory may be considered a functional unit for
timing considerations.

VECTOR INSTRUCTIONS

Four conditions must be satisfied for issue of a vector instruction:

1. The functional unit must be free. (Conflicts may occur with vector
operations.)

2. The result register must be free. (Conflicts may occur with vector
operations.) '

3. The operand registers must be free or at chain slot time.

4. Memory must be quiet if the instruction references memory.

Vector instructions place reservations on functional units and registers
for the duration of execution.

1. Functional units are reserved for VL+4 clock periods. Memory is
reserved for VL+5 clock periods on a write operation, VL+4 clock
periods on a read operation.
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2. The result register is reserved for the functional unit time
+(VL+2) clock periods. The result register is reserved for the
functional unit +7 clock periods if the vector length is less than
5. At functional unit time +2 (chain slot time) a subsequent
instruction, which has met all other issue conditions, may issue. This
process is called "chaining." Several instructions using different
functional units may be chained in this manner to attain a significant
enhancement of processing speed.

3. Vector operand registers are reserved for VL clock periods. Vector
operand registers are reserved for 5 clock periods if the vector
length is less than 5. The vector register used in a block store to
memory (177 instruction) is reserved for VL clock periods. Scalar
operand registers are not reserved.

Vector instructions produce one result per clock period. The functional
unit times are given below. The vector read and write instructions
(176, 177) produce results more slowly if bank conflicts arise due to
the increment value (Ak) being a multiple of éﬁ Chainfng cannot occur
for the vector read operation in this case.

If (Ak) is an odd multiple of 8% results are produced every 2 clock
periods.

If (Ak) is an even multiple of 8% results are produced every 4 clock

periods.
Functional unit Time (c.p.)
Logical 2
Shift 4
Integer add 3
Floating add 6
Floatina multiply 7
Reciprocal approximation 14
Memory 7

t Multiple of 4 for 8-bank phasing; refer to section 5.
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Memory must be quiet before issue of the B and T register block copy
instructions (034-037). Subsequent instructions may not issue for 14+ (Ai)
clock periods if (Ai)#0 and 5 clock periods if (Ai)=0 when reading

data to the B and T registers (034,036). They may not issue for 6+(Ai)
clock periods when storing data (035,037).

The B and T register block read (034,036) instructions require that there
be no register reservation on the A and S registers, respectively, before
issue.

Branch instructions cannot issue until an AO or SO operand register has
been free for one clock period. Fall-through in buffer requires two
clock periods. Branch-in-buffer requires five clock periods. When an
"out of buffer" condition occurs the execution time for a branch
instruction is 14 clock periods?

A two parcel instruction takes two clock periods to issue.

Instruction issue is delayed 2 clock periods when the next instruction
parcel is in a different instruction parcel buffer. Instruction issue is
delayed 14 clock periods if the next instruction parcel is not in an
instruction parcel buffer.

HOLD MEMORY

A delay of 1, 2, or 3 CP will be added to a scalar memory read'if a bank
conflict occurs with rank C, B, or A, respectively, of the memory access
network. A conflict occurs if the address is in the same bank as the
address in rank C, B, or A. Conflicts can occur only with scalar or I/0 -
references. The scalar instruction senses the conflict condition at
issue time + 1 CP. The scalar instruction address enters rank A of the
memory access network at issue time + 1 CP. The scalar instruction
address enters rank B at issue + 2 CP. The scalar instruction address
enters rank C at issue + 3 CP.

t 18 clock periods for 8-bank phasing option; refer to section 5.

rm
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Scalar instruction timing (no conflict):

CP n Issue, reserve register

CP n+l  Address rank A, sense conflict
CP n+2  Address rank B

CP n+3  Address rank C

CP n+t9 Clear register reservation
CP n+10 Issue

HOLD ISSUE

A delay of issue results if a 100 - 137 instruction is in the NIP register
and a hold memory condition exists. The delay will depend on the hold
memory delay.

A delay of issue results if a 100 - 137 instruction is in the NIP register
and a 100 - 137 instruction in process senses a conflict with rank A, B,

or C.

An additional 1 CP delay is added to a hold memory condition if a 070
instruction destination register conflict is sensed.
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MODULE TYPES

Alpha
Code

AB
AC
AD
AE
AF
AG
AH
Al
AJ
AR

DE
DF
DG
DH
DI
DJ
DK
DL
DM
DN
DO
DU
DV
DZ

FA
FB

FC

FD
FE

FF

FG
FH
FI
FJ

* When the Programmable Clock Option is installed, a GJ module and a
GK module replace the two GI modules.

T DU, DV modules are used to communicate with various CRI interfaces.

Application

A SERIES MODULES
Address adder
Storage block address
Vector storage control
Storage address distribution
B and T storage control
Address multiply levels 1 and 2
Address multiply level 2
Address multiply upper level 3
Address multiply lower Jevel 3
Address multiply level 4
Address registers

D SERIES MODULES

Address merge fanout

Channel reference control
Channel interrupt control
Channel address control
Synchronizing circuits

Input channel control 16-bit
Output channel control 16-bit
Input data assembly 16-bit
Qutput data disassembly 16-bit
Input channel control

Output channel control

Input channel control

Input ckannel control

Unused 1/0 channel termination

F SERIES MODULES

Floating add exponent input
operands

Floating add exponent input
operands

Floating add coefficient input
operands

No.

Used

- e W W = W o= N

—
~n

10

bW e o e

Floating add coefficient alignment 4

Floating add coefficient add
(front half)

Floating add coefficient add
(back half)

Floating add coefficient result
Floating add coefficient result
Floating add exponent data
Floating add exponent result

w

—_ = N W

Alpha
Code

GA
6B
6C
6D
GE
GF
66
GH
61
Go*
GK*
GR

HB
HC
HD
HE
HF
HS
HX

JA
JB
JC
JD
JE
JF
J6
JH
JI
DA
JK
JL

Application

G SERIES MODULES
Scalar single shift

Scalar double shift (front half)

Scalar double shift (back half)
Data Ak to Si extended

Scalar add (front half)

Scalar add {(back balf)
Constant to Si

Pop and zero count to A{

Real time clock

RTC/PCI (lower bits)

RTC/PCI (upper bits)

Scalar registers

H SERIES MODULES
Program branch control
Next instruction parcel
Lower program address
Upper program address
Program parameter data
Fetch sequence control
Instruction buffers
Exchange sequence control

J SERIES MODULES
CIP fanout to AR modules
CIP fanout to GR modules
Select vector data paths
Vector function issue control
Floating point issue control
Vector register issue control
Scalar register issue control
Address register issue control
Storage access issue control
Hold storage issue control
Address access control
Scalar access control

number of modules varies with the system configuration.
™ The number of modules depends on the configuration.
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Alpha
Code

MA
MB
MC
MD
ME
MF
MG
MH

RA
RB
RC
RD
RE
RF
RG
RH
R1
RJ
RK
RL
RM
RN
RO
RP
RQ
RR
RS
RT
RU
RV

SH*

SI*

Application

M SERIES MODULES

First level product
Second level product
Third level product
Fourth level product
Fifth level product
First level ends

First section exponents
Last section exponents

R SERIES MODULES
Table for Ao

Table for Ao?

Form Az

Reciprocal coefficient
Reciprocal coefficient
Operand delay

Result exponent

S SERIES MODULES
16-bit synchronous
input data assembly

16-bit synchronous
output data assembly

—
O =t N = e PN e N e e ) e

—_ 0NN W NN

TC
T0
TX**
Ty**
TZ

VA
VB
Ve
VD
VE
VF
VG
VH
VI
vJ
VK
VL
VR

8B
2C

0
lE
ZF
26
Z1
ZK

Y
11

Application

T SERIES MODULES

Clock fanout

Master clock
16-bank phasing
8-bank phasing
Master clock fanout

V SERIES MODULES

Data to vector registers
Vector data to jk functions
Vector data to j functions
Vector length control
Vector write control

Front half vector shift
Back half vector shift
Front half vector add

Back half vector add
Vector logical data

Vector logical control
Vector Pop Count Option
Vector registers

~N

SERIES MODULES***

Storage w/memory data buffers

Storage with clock fanout

Storage R/W control

Storage section control
Storage with address fanout
Check bit generation
Corrective storage

Syndrome generation and error

correction
Storage module

Storage module w/address fan-

out

No,
Used

—_ N N s O

— W W
o NN

S e - L T R R i
-+

32

32
120

588

* One SH, SI module pair interfaces to each CRI disk controller.
number depends on the system configuration.

** For 8-bank phasing, TY modules are substituted for TX modules.

* Kk
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SOFTWARE CONSIDERATIONS C

References to software in this publication are limited to those features
of the hardware that provide for software or take it into consideration.

SYSTEM MONITOR

A monitor program is loaded at system dead start and remains in memory
for as Tong as the system is used. Only the monitor program executes
in monitor mode and can execute monitor instructions. A program
executing in monitor mode cannot be interrupted unless the Monitor Mode
Interrupt (MMI) option is present. A monitor program is designed to

reference all of memory.

OBJECT PROGRAM

An object program as referred to in this publication means any program
other than the monitor program. Generally, the term describes a job-
oriented program but may also describe an operating system task that does
not execute in monitor mode. An object program may be a machine language
program such as a FORTRAN compiler or it may be a program resulting from
compilation of FORTRAN statements by the compiler.

OPERATING SYSTEM

The operating system consists of a monitor program, object programs that
perform system-related functions, compilers, assemblers, and various

utility programs. The operating system is loaded into memory and possibly
onto mass storage during system dead start. Features of the operating system
system and organization of storage, which is a function of the operating
system, will be described in the operating system reference manual.

SYSTEM OPERATION

System operation begins at CPU dead start. Dead start is that sequence of
operations required to start a program running in the computer after power
has been turned off and then turned on again.
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The dead start sequence is initiated from the maintenance control unit
(MCU). The sequence is described in detail in Section 3. During the
dead start sequence, the MCU loads a program containing an exchange
package at absolute address zero in the CRAY-1 memory. A signal from

the MCU causes the CRAY-1 to begin execution of the program pointed to by
the exchange package.

FLOATING POINT RANGE ERRORS

Detection of the floating point range error initiates an interrupt if the
floating point mode flag is set in the mode register and monitor mode is
not in effect. The programmer has the capability via the 0022 instruction
to clear the floating point mode flag so that results going out of range
are prevented from interrupting. This is especially useful for operations
such as the vector merge instruction usage in subroutines such as SINE and
COSINE, where some results may be known to go out of range. At the end

of the code sequence, the programmer normally resets the floating point
mode via a 0021 instruction.

2240004 c-2 E



INSTRUCTION SUMMARY

CRAY-1
000xxx
1000ijk
100105k

100113k
100123 x
10013 x
10014350
t+£0014j4
t150014j5
t+50014j6
++60014j7
0020xk
+0020x0
0021xx
0022 xx
003xjx
t003x0x
004xxx
+004ijk
005xjk
006ijkm
0071jkm
010ijkm
011ijkm
012ijkm
013ijkm
014ijkm
015ijkm
016ijkm
017ijkm
020ijkm
021ijkm
022ijk
023ijx
024ijk
025ijk
026ij0
§5026ij1
027ijx
030ijk
+03010k
+030i30
031ijk

ERR
ERR
CA,Aj

CL,Aj
C1,Aj
XA

R1
PCI
ccl
ECI
DCI
VL
VL
EFI
DFI
VM
VM
EX
EX

[

JAZ
JAN
JAP
JAM
Jsz
JSN
JSP
JSM

+ Special syntax form

exp
Ak

Aj
Sj
S)

Ak

53

exp
Bjk
exp
exp
exp
exp
exp
exp
exp
exp
exp
exp

exp

Sj
Bik
Ai
PSj
Qsj
75j
Aj+Ak
Ak
Aj+1
Aj-Ak

++ Privileged to monitor mode
§ Programmable Clock Option only

Pop/LZ
Pop/LZ
Pop/LZ
A Int Add
A Int Add
A Int Add
A Int Add

§§ Vector Population Count Option only
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DESCRIPTION
Error exit
Error exit

Set the channel (Aj) current address to
(Ak) and begin the I/0 sequence

Set the channel (Aj) limit address to (Ak)
Clear channel (Aj) interrupt flag

Enter XA register with (Aj)

Enter RTC register with (Sj)

Enter interval register with (Sj)

Clear PCI request

Enable PCI request

Disable PCI request

Transmit (Ak) to VL register

Transmit 1 to VL register

Enable interrupt on floating point error
Disable interrupt on floating point error
Transmit (Sj) to VM register

Clear VM register

Normal exit

Normal exit

Jump to (Bjk)

Jump to exp

Return jump to exp; set BOO to P

Branch to exp if (AQ) 0

Branch to exp if (A0) # 0

Branch to exp if (A0) positive

Branch to exp if (A0) negative

Branch to exp if (S0) 0

Branch to exp if (S0) # 0

Branch to exp if (S0) positive

Branch to exp if (S0) negative

Transmit exp = jkm to Ai

Transmit exp = 1's complement
of jkm to Ai

Transmit exp = jk to Ai

Transmit (Sj) to Ai

Transmit (Bjk) to Ai

Transmit (Ai) to Bjk

Population count of (Sj) to Ai
Population count parity of (Sj) to Ai
Leading zero count of (Sj) to Ai
Integer sum of (Aj) and (Ak) to Ai
Transmit (Ak) to Ai

Integer sum of (Aj) and 1 to Ai
Integer difference of (Aj) less (Ak) to Ai




CRAY-1 CAL PAGE UNTT DESCRIPTION

+031i00 Ai -1 4-27 A Int Add Transmit -1 to Ai

103110k  Ail -Ak 4-27 A Int Add Transmit the negative of (Ak) to Ai

*031ij0 Ai Aj-1 4-27 A Int Add Irteger difference of (Aj) less 1 to Ai
032ijk Al Aj*Ak 4-28 A Int Mult Integer product of (Aj) and (Ak) to Ai
033i0x Ai CI 4-29 - Channel number to Ai (j=0)

0331j0 Ai CA,Aj 4-29 - Address of channel (Aj) to Ai (j#0; k=0)
033ij1 Ai CE,Aj 4-29 - Error flag of channel (Aj) to Ai (j#0; k=1)
034ijk Bjk,Al ,AOD 4-31 Memory Read (Ai) words to B register jk from (A0)

t034ijk Bjk,Ai 0,A0 4-31 Memory Read (Ai) words to B register jk from (A0)
035ijk ,AO Bik,Ai 4-31 Memory Store (Ai) words at B register jk to (AQ)

+035ijk 0,A0 Bjk,Al 4-31 Memory Store (Ai) words at B register jk to (AOQ)
036ijk Tjk,Al ,AO 4-31 Memory Read (Ai) words to T register jk from (A0)
1036ijk Tjk,Al 0,A0 4-31 Memory Read (Ai) words to T register jk from (AOQ)
037ijk ,AQ Tik,Al 4-31 Memory Store (Ai) words at T register jk to (A0)
t037ijk 0,A0 Tik,Ai 4-31 Memory Store (Ai) words at T register jk to (A0)
040ijkm [ . 4-33 - Transmit jkm to Si

i exp .
041ijkm I 4-33 - Transmit exp = 1's complement of jkm to Si
042ijk  Si <exp 4-34 S Logical Form 1's mask exp = 64-jk bits in Si from
Si #>exp 4-34 the right
t042i77 Si 1 4-34 S Logical Enter 1 into Si

+042i00 Si -1 4-34 S Logical Enter -1 into Si
043ijk Si >exp 4-34 S Logical Form 1's mask exp = jk bits in Si from
Si #<exp the left
1043100 Si 0 4-34 S Logical C(Clear Si
044ijk Si Sj &Sk 4-35 S Logical Logical product of (Sj) and (Sk) to Si
1t044ij0 Si Sj&SB 4-35 S Logical Sign bit of (Sj) to Si
t044ij0  Si SB§Sj 4-35 S Logical Sign bit of (Sj) to Si (j#0)
045ijk Si #Sk§Sj 4-35 S Logical Logical product of (Sj) and 1's
complement of (Sk) to Si
1045150 Si #SB&S) 4-35 S Logical (Sj) with sign bit cleared to Si
046ijk Si Sj\Sk 4-35 S Logical Logical difference of (Sj) and (Sk) to Si
+0461j0 Si Sj\SB 4-35 S Logical Toggle sign bit of Sj, then enter into Si
+046130 Si SB\Sj 4-35 S Logical Toggle sign bit of Sj, then enter into Si (j#0)
047ijk Si #Sj\ Sk 4-35 S Logical Logical equivalence of (Sk) and (Sj) to Si
+047i0k Si #S5k 4-35 S Logical Transmit 1's complement of (Sk) to Si
+047130 Si #Sj\SB 4-35 S Logical Logical equivalence of (Sj) and sign
bit to Si
1t0471j0 Si #SB\Sj 4-35 S Logical Logical equivalence of (Sj) and sign
bit to Si (j#0)
+047100 Si #SB 4-35 S Logical Enter 1's complement of sign bit into Si
050ijk Si Sj!Si&Sk 4-35 S Logical Logical product of (Si) and (Sk) complement
ORed with logical product of (Sj) and (Sk) to Si
+050ij0 Si Sj!Si§SB 4-35 S Logical Scaégr merge of (Si) and sign bit of (Sj)
to Si
051ijk Si Sj Sk 4-35 S Logical Logical sum of (Sj) and (Sk) to Si
+05110k Si Sk 4-35 S Logical Transmit (Sk) to Si
+051ij0 Si Sj!SB 4-35 S Logical Logical sum of (Sj) and sign bit to Si
+051ij0 Si SB!Sj 4-35 S Logical Logical sum of (Sj) and sign bit to Si (j#0)
+051100 Si SB 4-35 S Logical Enter sign bit into Si
052ijk SO Si<exp 4-38 S Shift Shift (Si) left exp = jk places to SO
053ijk SO0 Si>exp 4-38 S Shift Shift (Si) right exp = 64-jk places to S0
054ijk Si Sicexp 4-38 S Shift Shift (Si) left exp = jk places
055ijk Si Si>exp 4-38 S Shift Shift (Si) right exp = 64-jk places
056ijk Si Si,Sj<Ak 4-39 S Shift Shift (Si and Sj) left (Ak) places to Si
t0561j0 Si Si,Sj<1 4-39 S Shift Shift (Si and Sj) left one place to Si
t056i0k  Si Si<Ak 4-39 S Shift Shift (Si) left (Ak) places to Si

T Special syntax form

m
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CRAY-1
057ijk
+057130
+05710k
060ijk
061ijk
+06110k
062ijk
106210k
063ijk
106310k
064ijk
065ijk

066ijk

067ijk
070ijx

071i0k
071i1k
071i2k

071i3x
071i4x
071i5x
071i6x
0711i7x
072ixx
073ixx
0741ijk
0751jk
076ijk
0771ijk
07710k
10hijkm
t100ijkm
t100ijkm
t10hi000
11hijkm
+110ijkm
+110ijkm
t11hi000
12hijkm
t120ijkm
t120ijkm
t12hi000
13hijkm
t130ijkm
t130ijkm
+13hi000
140ijk
141ijk
t421jk
+142i0k

Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

Si

Si
Si

Si
Si
Si

Si
$i

Si

si

si

Si

i

Si
Tjk
Si
Vi, Ak
Vi, Ak

exp,Ah
exp,0
exp,
,Ah

Vi
Vi
Vi

T Special syntax form

2240004

Sj,Si~Ak
$j,Si»1
Si>Ak
Sj+Sk
Sj-Sk
-Sk
Sj+FSk
+FSk
Sj-FSk
-FSk
Sj*FSk
Sj*HSk

Sj*RSk

Sj*1Sk
/HSj

SjEVKk

Vjgvk
$j!vk

4-42
4-44

4-45
4-45
4-45

4-45
4-45
4-45
4-45
4-45
4-47
4-47
4-47
4-47
4-48
4-48
4-48
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-49
4-51
4-51
4-51
4-51

S
S
S
S
S
S
F.
F
F
F
F
F

UNIT

a=Te v s - e« M v )

Shift
Shift
Shift
Int Add
Int Add
Int Add
P.

Add
Add
Add

. Add

Mult
Mult

Mult

P. Mult

Rcpl

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory
Memory

Memory

V Logical

V Logical
V Logical

V Logical

D-3

DESCRIPTION

Shift (Sj and Si) right (Ak) places to Si
Shift (Sj and Si) right one place to Si
Shift (8i) right (Ak) places to Si

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

Integer 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

Floating reciprocal approximation 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 0.75%2%*48 to Si

Transmit constant 0.5 to Si
Transmit constant 1.0 to Si
Transmit constant 2.0 to Si
Transmit constant 4.0 to Si
Transmit (RTC) to Si

Transmit (VM) to Si

Transmit (Tjk) to Si

Transmit (Si) to Tjk

Transmit (Vj, element (Ak)) to Si
Transmit (Sj) to Vi element (Ak)
Clear Vi element (Ak)

Read from ((Ah) + exp) to Ai (A0=0)
Read from (exp) to Ai

Read from (exp) to Ai

Read from (Ah) to Ai

Store (Ai) to (Ah) + exp (A0=0)
Store (Ai) to exp

Store (Ai) to exp

Store (Ai) to (Ah)

Read from ((Ah) + exp) to Si (A0=0)
Read from (exp) to Si

Read from (exp)to Si

Read from (Ah) to Si

Store (Si) to (Ah) + exp (A0=0)
Store (Si) to exp

Store (Si) to exp

Store (Si) to (Ah)

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

E-01




CRAY-1
143ijk
144ijk
14515k
+14534i
146ijk

+146i0k
1471jk

150ijk
1150150
151ijk
+1511j0
152ijk
152130
15315k
153130
154ijk
155ijk
156ijk
+15610k
157ijk
160ijk
161ijk
162ijk

163ijk
164ijk
165ijk
166ijk
1671ijk

170ijk
+17010k
171ijk
172ijk
+172i0k
173ijk
174ij0

55174131
55174152
175x30
175x31
175xj2
175x33
1761xk

+176ix0
177xjk

+177x30

Vi
12!
M
VM
M
VM
Vi

Vjlvk
Sj\Vk
Vi\Vk

0

S5 !VKEVM

FVMEVK
Vj IVK&VM

Vj <Ak
Vi<l
Vj>Ak
Vji>1
Vj,Vj<Ak
Vj,Vj<1
Vj,Vj>Ak
Vj,Vj>1
Sj+Vk
Vj+Vk
Sj-Vk
-Vk
Vj-Vk
Sj*FVk
Vj*FVk
Sj*HVk

Vj *HVK
Sj*RVK
Vj*RVK
Si*IVk
Vj*IVk

Sj+FVk
+FVk
Vj+FVk
Sj-FVk
-FVk
Vj-FVk
/HV]

PVi
QVi
Vi,
Vi,N
Vi,P
Vi, M
A0, Ak

LAO,1
Vj

Vi

+ Special syntax form
§5 Vector Population Count Option only

2240004

PAGE
4-51
4-51
4-51
4-51
4-51

4-51
4-51

4-55
4-55
4-55
4-55
4-56
4-56
4-56
4-56
4-61
4-61
4-61
4-61
4-61
4-63
4-63
4-63

4-66
4-66
4-66
4-66
4-66
4-66
4-68

4-70
4-70
4-71
4-71
4-71
4-71
4-73

UNTT

< < =< <

< <

M T S S < 9 S €SS <<

Logical
Logical
Logical
Logical
Logical

Logical
Logical

Shift
Shift
Shift
Shift
Shift
Shift
Shift
Shift
Int Add
Int Add
Int Add
Int Add
Int Add
P. Mult

P. Mult
.P. Mult

.P. Mult

.P. Mult

P, Mult

.P. Mult

.P. Mult

. Add
. Add
. Add

DESCRIPTION

Logical sums of (Vj) and (Vk) to Vi
Logical differences of (Sj) and (Vk) to Vi
Logical differences of (Vj) and (Vk) to Vi
Clear Vi

Transmit (Sj) if VM bit = 1; (Vk) if
VM bit = 0 to Vi

Vector merge of (Vk) and 0 to Vi

Transmit (Vj) if VM bit = 1; (Vk) if
VM bit = 0 to Vi

Shift (Vj) left (Ak) places to Vi

Shift (Vj) left one place to Vi

Shift (Vj) right (Ak) places to Vi

Shift (Vj) right one place to Vi

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 (Vk) 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
Floating sums of (Vj) and (Vk) to Vi

. Add
. Add
. Repl

M T 7 m m ™ T

P
P
P
.P. Add
P
P
P

F.P. Rcpl
F.P. Rcpl
V Logical
V Logical
V Logical
V Logical
Memory

Memory
Memory

Memory

D-4

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

Population counts of (Vj) to Vi

Population count parities of (Vj) to Vi

VM=1
VM=1
VM=1
VM=1
Read

where (Vj) =0

where (Vj) # 0

where (Vj) positive

where (Vj) negative

(VL) words ES Vi from (A0)

incremented by

Read

(VL) words to Vi from (A0)

incremented by 1

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

Store (VL) words from Vj to (A0)
incremented by 1

E-01
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