


































































































































































































































































































































































































































































































































































































































































































































































































































seN O-WITH-LOGANO 

SEND-WITH-LOGAND 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the destination field using bitwise logical AND. 

Formats CM:send-with-logand-lL dest, send-address, source, len, notify 

Operands dest The destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = { m I m E current-vp-set /\ context-flag[m] = 1/\ send-address[m] = k} 
if ISkl = 0 then 

if noti.fy[k] ¢ CM: *no-field* then notify[k] t- 0 
else 

if notify[k] ¢ CM:*no-field* then noti.fy[k] t- 1 

dest[k] t- dest[k] /\ ( /\ source[m]) 
mES. 
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SEND-WITH-LOGAND 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor PII. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: send-with-Iogand operation will combine all messages and the original contents of 
the destination field with a bitwise logical AND operation. To receive the logical AND of 
only the messages, the destination area should first be set to all-ones in all processors that 
might receive a message. 
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SEND-WITH-LOGIOR 

SEND-WITH-LOGIOR 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the destination field using bitwise logical inclusive OR.. 

Formats CM: send-with-logior-lL dest, send-address, source, len, notify 

Operands dest The destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = { m I mE current-vp-set 1\ context-flag[m] = 11\ send-address[m] = k} 
if ISkl = 0 then 

if notify[k] ¢ CM: *no-field* then notify[kJ <- 0 
else 

ifnotify[k] ¢ CM:*no-field* then notify[kJ <- 1 

dest[k] <- dest[k] V ( V source[m]) 
mES. 
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SEND-WITH-LOGIOR 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pel whose send address is stored at location send-address in the memory of 
processor P.. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: send-with-Iogior operation combines incoming messages with a bitwise logical inclu­
sive OR. operation. To receive the logical inclusive OR of only the messages, the destination 
area should first be cleared in all processors that might receive a message. 
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SENO-WITH-LOGXOR 

SEND-WITH-LOGXOR 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the destination field using bitwise logical exclusive OR.. 

Formats CM:send-with-logxor-1L dest, send-address, source, len, notify 

Operands dest The destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sit = {m I mE current-vp-set /\ context-flag(m] = 1/\ send-address[m] = k} 
if ISkl = 0 then 

if notify[k] ~ CM: *no-field* then notify[k] t- 0 
else 

if notify[k] ~ eM: *no-field* then notify[k] t- 1 

dest[k] t- dest[k] Ef) ( EB source[m1) 
mES. 
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SEND-WITH-LOGXOR 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor P •. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: send-with-Iogxor operation is similar but combines incoming messages with a bitwise 
logical EXCL USIVE OR operation. To receive the logical EXCL USIVE OR of only the messages, 
the destination area should first be cleared in all processors that might receive a message. 
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SEND-WITH-MAX 

SEND-WITH-F-MAX 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using a floating-point maximum operation. 

Formats CM:send-with-f-max-IL dest, send-address, source, s, e, notify 

Operands . dest The floating-point destination field. 

send-address The field containing a send-address that indicates which pro-

source 

s, e 

notify 

cessor is to receive the message. 

The floating-point source field. 

The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sic = {m I mE current-vp-set A context-flag[m] = 1 A send-address[m] = k} 
if ISkl = 0 then 

if notify[k] ¢. CM:*no-field* then notify[kJ +- 0 
else 

if notify[k] ¢. CM: *no-field* then notify[k] +- 1 

dest[k] +- max (dest[k], max source[m]) 
mESIJ 
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SEND-WITH-MAX 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor p,. The message is taken from the source field within processor p, and is stored 
into the dest field within processor Pd. 

The eM: send-with-f-max operation combines incoming messages with the dest field using 
floating-point maximum operations. The test-flag is not affected by the maximum operation. 
To receive the maximum of only the messages, the destination area should first be set to 
-00. 
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SEND-WITH-MAX 

SEND-WITH-S-MAX 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using a signed integer maximum operation. 

Formats CM:send-with-s-max-IL dest, send-address, source, len, notify 

Operands dest The signed integer destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The signed integer source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = { m I mE current-vp-set /\ context-flag[m] = 1/\ send-address[m] = k} 
if ISkl = 0 then 

if notify[k] ¢ CM:*no-field* then notify[k] ~ 0 
else 

if notify[k] ¢ CM:*no-field* then notify[k] ~ 1 

dest[k] ~ max (dest[k], max source[ m]) 
mES. 
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SEN O-WITH-MAX 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor P •. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: sen d-with-s-max operation combines incoming messages with the dest field using 
signed integer maximum operations. The test-flag is not affected by the maximum operation. 
To receive the maximum of only the messages, the destination area should first be set to 
_21en- 1 • 

395 



SEND-WITH-MAX 

SEND-WITH-U-MAX 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using an unsigned integer maximum operation. 

Formats CM: send-with-u-max-1L dest, send-address, source, len, notify 

Operands dest The unsigned integer destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The unsigned integer source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sic = { m I mE current-vp-set /\ context-flag[m] = 1/\ send-address[m] = k} 
if ISlel = 0 then 

if notify[k] ¢ CM: *no-field* then notify[k] - 0 
else 

ifnotify[k] ¢ CM:*no-field* then notify[k]-l 

dest[k] +- max (dest[k], max source[m1) 
mESIo 
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SEN D-WITH-MAX 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor PII. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: send-with-u-max operation combines incoming messages with the dest field using 
unsigned integer maximum operations. The test-flag is not affected by the maximum oper­
ation. To receive the maximum of only the messages, the destination area should first be 
set to 21e1l. - 1. 
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SEND-WITH-MIN 

SEND-WITH-F-MIN 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using a floating-point minimum operation. 

Formats CM: send-with-f-min-IL dest, send-address, source, s, e, notify 

Operands dest The floating-point destination field. 

send-address The field containing a send-address that indicates which pro-

source 

s, e 

notify 

cessor is to receive the message. 

The floating-point source field. 

The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = { m I m E current-vp-set II context-flag[m] = 1 II send-address[m] = k} 
if ISkl = 0 then 

if notify[kJ ¢ CM: *no-field* then notify[kJ f- 0 
else 

if notify[kJ ¢ CM: *no-field* then notify[kJ f- 1 

dest[k] ~ min (dest[k], min source[m]) 
mESIl 
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SEND-WITH-MIN 

For every selected processor PII' a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor PII' The message is taken from the source field within processor PII and is stored 
into the dest field within processor Pd' 

The eM: send-with-f-min operation combines incoming messages with the dest field using 
floating-point minimum operations. The test-flag is not affected by the maximum operation. 
To receive the maximum of only the messages, the destination area should first be set to 
+00. 
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SEND-WITH-MIN 

SEND-WITH-S-MIN 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using a signed integer minimum. operation. 

Formats CM:send-with-s-min-1L dest, send-address, source, len, notify 

Operands dest The signed integer destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The signed integer source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in all 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = {m I mE current-vp-set /\ context-flag[m] = 1/\ send-address[m] = k} 
if ISkl = 0 then 

if notify[k] ¢. CM: *no-field* then notify[k] f- 0 
else 

if notify[k] ¢. CM: *no-field* then notify[kJ f- 1 

dest[k] f- min (dest[k], min source[mJ) 
mESIo 

400 



SEND-WITH-MIN 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor P.. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd. 

The eM: send-with-s-min operation combines incoming messages with the dest field using 
signed integer minimum operations. The test-flag is not affected by the maximum operation. 
To receive the maximum of only the messages, the destination area should first be set to 
21en- 1 - 1. 
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SEND-WITH-MIN 

SEND-WITH-U-MIN 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. All incoming messages 
are combined with the dest field using an unsigned integer minimum operation. 

Formats eM: send-with-u-min-ll dest, send-address, source, len, notify 

Operands dest The unsigned integer destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The unsigned integer source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
eM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted 
to the receiving processor, is combined with the dest field regardless of the 
context-flag of the receiving processor. The notify bit may be altered in au 
processors regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sic == {m I mE current-vp-set /\ context-flag[m] == 1/\ send-address[m] = k} 
if ISIcI == 0 then 

if notify[k] ¢ eM: *no-field* then noti.fy[k] ;- 0 
else 

if notify[k] ¢ eM: *no-field* then notify[k] ;- 1 

dest[k] ;- min (dest[k], min sQurce[m]) 
m€SIo 
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SEND-WITH-MIN 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
processor P •. The message is taken from the source field within processor P. and is stored 
into the dest field within processor Pd' 

The CM:send-with-u-min operation combines incoming messages with the dest field using 
unsigned integer minimum operations. The test-flag is not affected by the maximum oper­
ation. To receive the minimum of only the messages, the destination area should first be 
set to zero. 
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SEN D-WITH-OVERWRITE 

SEND-WITH-OVERWRITE 

Sends a message from every selected processor to a specified destination processor. Each 
selected processor may specify any processor as the destination, including itself. A des­
tination processor may receive messages even if it is not selected, and all the destination 
processors may be in a VP set different from the VP set of the source processors. Messages 
are all delivered to the same address within each receiving processor. If a processor receives 
more than one message, then one is delivered and the rest are discarded. 

Formats CM:send-with-overwrite-lL dest, send-address, source, len, notify 

Operands dest The destination field. 

send-address The field containing a send-address that indicates which pro-

source 

len 

notify 

cessor is to receive the message. 

The source field. 

The length of the dest and source fields. 

The notification bit (a one-bit field). This argument may be 
CM: *no-field* if no notification of message receipt is desired. 

Overlap The send-address and source may overlap in any manner. The dest field may 
overlap with send-address or source, but if it does, then it is forbidden to send 
a message to a selected processor. In other words, the dest may overlap with 
send-address or source only if within each processor at most one of them will 
be used. 

Context This operation is conditional, but whether a message is sent depends only on 
the context-flag of the originating processor; the message, once transmitted to 
the receiving processor, is stored into the dest field regardless of the context­
flag of the receiving processor. The notify bit may be altered in all processors 
regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
let Sk = { m I mE current-vp-set /\ context-flag[m] = 1/\ send-address[m] = k} 
if ISkl = 0 then 

if notify[k] :t CM: *no-field* then notify[k] +- 0 
else 

if notify[k] ¢. CM: *no-field* then notify[k] +- 1 
dest[k] +- source[choice(Sk)] 

For every selected processor P., a message length bits long is sent from that processor to 
the processor Pd whose send address is stored at location send-address in the memory of 
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SEND-WITH-OVERWRITE 

processor PII. The message is taken from the source field within processor PII and is stored 
into the dest field within processor Pd. 

The eM: send-with-overwrite operation will store one of the messages sent, discarding all 
other messages as well as the original contents of the dest field in the receiving processor. 
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SET-BIT 

SET-BIT 

Sets a specified memory bit. 

Formats 

Context 

CM:set-bit dest 
CM:set-bit-always dest 

The non-always operations are conditional. The destination may be altered 
only in processors whose context-flag is 1. 

The always operations are unconditional. The destination may be altered 
regardless of the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
if (always or context-flag[k] = 1) then 

dest[k] f- 1 

The destination memory bit is set within each selected processor. 
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SET-CONTEXT 

Unconditionally makes all processors active. 

Formats CM:set-context 

Context This operation is unconditional. 

Definition For every virtual processor k in the current-vp-set do 
context-ftag[k] +- 1 

SET-CONTEXT 

Within each processor, the context bit for that processor is unconditionally set. 
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SET-SAfETY-MODE 

SET-SAfETY-MODE 

Formats CM:set-safety-mode safety-mode 

Operands safety-mode An unsigned integer, the safety level. Currently only the 
values 0 and 1 are meaningful. 

Context This operation is unconditional. It does not depend on context-flag. 

The safety mode is set to the specified value. A non-zero value indicates that the Paris 
interface should perform various extra error checks and consis.tency checks that may be 
helpful in detecting bugs in user programs. Of course, the price of these error checks is 
reduced execution speed. 
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SET -SYSTEM-LEOS-MODE 

SET -SYSTEM-LEOS-M ODE 

Formats CM:set-system-leds-mode Zeds-mode 

Op erands Zeds-mode Either : leds-ofF, : leds-on, : leds-throb, : leds-diagnostics, : leds­
perfmon, : leds-sync, or : leds-blink-sync. 

Context This operation is unconditional. It does not depend on context-flag. 

The lights on the front and back of the Connection Machine system cabinet can be controlled 
in a variety of ways. The cm: set-system-leds-Illode operation selects what information 
will be displayed in the lights. If the specified Zeds-mode is : leds-ofF, then all the lights are 
tUl'ned off, and thereafter the user operations cm: latch-leds and cm: latch-leds-always 
may be used to control the lights. Other values for Zeds-mode select one of the system­
supplied display modes. (The operations cm:latch-leds and cm:latch-leds-always may 
still be used when in a system-supplied display mode, but the user-specified pattern is 
unlikely to persist as it may be immediately altered by the system, depending on the mode.) 

The names of the possible modes shown above are for the C/Paris and Fortran/Paris in­
terfaces. Through an accident of history, the names for the leds modes are different in the 
Lisp /Paris interface: 

C'est la vie. 

C and Fortran 
CMJeds_ofF 
CMJeds_on 
CMJeds_throb 
CMJeds_diagnostics 
CMJeds-perfmon 
CMJeds..sync 
CMJeds-blink...sync 

Lisp 
nil 
t 

: throb 
: diagnostics 
: performance-monitor 
:synch 
: blink-and-synch 
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SET-VP-SET 

SET-VP-SET 

Declares a specified VP set to be current. 

Formats eM: set-vp-set vp-set-id 

Operands vp-set-id A vp-set-id. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition current-vp-set +- vp-set-id 

The VP set specified by the vp-set-id becomes the current VP set. Most Paris operations 
implicitly operate within the virtual processors of the current VP set. 
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SET-VP-SET-GEOM ETRY 

SET-VP-SET-GEOMETRY 

Alters the geometry of an existing VP set. 

Formats eM: set-vp-set-geometry vp-set-id, geometry-id 

Operands vp-set-id A vp-set-id. 

geometry-id A geometry-id. 

Context This operation is unconditional. It does not depend on context-flag. 

The VP set specified by the vp-set-id is altered so that its geometry is that specified by the 
geometry-id. The new geometry must have the same total number of elements (product of 
axis lengths) as the old geometry. 
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SET-flag 

SET-flag 

Sets a specified flag bit. 

Formats CM:set-test 
CM: set-overflow 

Context This operation is conditional. 

Definition For every virtual processor k in the current-vp-set do 
if context-ftag[k] = 1 then 

ftag[k] +- 1 

where flag is test-flag or overftow-flag, as appropriate. 

Within each processor, the indicated flag for that processor is set. 
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SIGNUM 

F-F-SIGNUM 

Determines whether the floating-point source field is negative, minus zero, plus zero, or 
positive and places the value -1.0, +0.0, .:tl.0, or 1.0 in the destination field accordingly. 

Formats CM:f-f-signum-l-ll dest/source, s, e 
CM:f-f-signum-2-1l dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-fiag(k] = 1 then 

if source(k] < 0 then dest[k] - -1.0 
else if source[k] > 0 then dest[k] - 1.0 
else dest[k] - source[kJ 

The signum function of the source operand is placed in the dest operand. The result is -1.0, 
-0.0, +0.0, or 1.0 thus indicating whether the source value is negative, minus zero, plus 
zero, or positive, respectively. If the source operand is a NaN, then it is copied unchanged. 
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SIGNUM 

S-F-SIGNUM 

Determines whether the floating-point source field is negative, zero, or positive and places 
the value -1, 0, or 1 in the destination field accordingly. 

Formats CM:s-f-signum-2-2L dest, source, dlen, s, e 

Operands dest The signed integer destination field. 

The floating-point source field. source 

dlen The length of the dest field. This must be no smaller than 2 but 
no greater than CM:*maximum-integer-length*. 

s, e The significand and exponent lengths for the source field. The 
total length of an operand in this format is s + e + 1. 

Overlap The fields dest and source must not overlap in any manner. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag( k] = 1 then 

if source[k] < 0 then dest[k] +- -1 
else if source[k] > 0 then dest[k] +- 1 
else dest[k] +- 0 

The signum function of the source operand is placed in the dest operand. The result is -1, 
0, or 1 according to whether the source value is negative (but non-zero), zero (+0 or -0), 
or positive (but non-zero), respectively. 
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SIGNUM 

S-S-SIGNUM 

Determines whether the signed integer source field is negative, zero, or positive and places 
the value -1, 0, or 1 in the destination field accordingly. 

Formats CM: s-s-signum-l-ll 
CM:s-s-signum-2-1l 
CM: s-s-signum-2-2l 

dest/ source, len 
dest, source, len 
dest, source, dIen, slen 

Operands dest The signed integer destination field. 

The signed integer source field. source 

len 

dlen 

slen 

The length of the dest and source fields. This must be no smaller 
than 2 but no greater than CM:*maximum-integer-length*. 

The length of the dest field. This must be no smaller than 2 but 
no greater than CM:*maximum-integer-length*. 

The length of the source field. This must be no smaller than 2 but 
no greater than CM: *maximum-integer-Iength*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do-
if context-flag[k] = 1 then 

if source[k] < 0 then dest[k] f- -1 
else if source[k] > 0 then dest[k] f- 1 
else dest[k] f- 0 

The signum function of the source operand is placed in the dest operand. The result is -1, 
0, or 1 according to whether the source value is negative, zero, or positive, respectively. 
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SIN 

F-SIN 

Calculates the floating-point sine of the source field values and stores the result in the 
floating-point destination field. 

Formats CM:f-sin-l-lL dest/source, s, e 
CM:f-sin-2-1L dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag(k] = 1 then 

dest[k] +- sinsource[k] 

The sine of the value of the source field is stored into the dest field. 
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SINH 

F-SINH 

Calculates the floating-point hyperbolic sine of the source field values and stores the result 
in the floating-point destination field. 

Formats CM:f-sinh-l-lL dest/source, s, e 
CM:f-sinh-2-1L dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Flags overflow-flag is set if floating-point overflow occurs; otherwise it is unaffected. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

dest [k] f- sinh source[ k ] 
if (overflow occurred in processor k) then overflow-flag[k] f- 1 

The hyperbolic sine of the value of the source field is stored into the dest field. 
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SPREAD-WITH-ADD 

SPREAD-WITH-F-ADD 

The destination field in every selected processor receives the sum of the floating-point source 
fields from all processors in its scan subclass. 

Formats CM:spread-with-f-add-lL dest, source, a:cis, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

a:cis 

s, e 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose conte:ct-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if conte:ct-flag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, a:cis) 

dest[k] +- ( 2: source[m]) 
mEC .. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM:spread­
with-f-add operation combines source fields by performing floating-point addition. 

A call to CM: spread-with-f-add-IL is equivalent to the sequence 

CM:scan-with-f-add-1L temp, source, a:cis, s, e, :upward, :inclusive, :none, dont-care 
CM:scan-with-copy-lL dest, temp, axis, s + e + 1, :downward, :inclusive, :none, doni-care 

but may be faster. 
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SPREAD-WITH-ADD 

SPREAD-WITH-S-ADD 

The destination field in every selected processor receives the sum of the signed integer source 
fields from all processors in its scan subclass. 

Formats CM:spread-with-s-add-lL dest, source, axis, len 

Operands dest The signed integer destination field. 

The signed integer source field. source 

ax,s 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be no smaller 
than 2 but no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[ k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass{g, k, axis) 

dest[k] f- ( I: source[m]) 
mEC ... 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM:spread­
with-s-add operation combines source fields by performing signed integer addition. 

A call to CM: spread-with-s-add-IL is equivalent to the sequence 

CM: scan-with-s-add-IL temp, source, axis, len, : upward, : inclusive, : none, dont-care 
CM: scan-with-copy-IL dest, temp, axis, len, : downward, : inclusive, : none, dont-care 

but may be faster. 
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SPREAD-WITH-ADD 

SPREAD-WITH-U-ADD 

The destination field in every selected processor receives the sum of the unsigned integer 
source fields from all processors in its scan subclass. 

Formats CM:spread-with-u-add-lL dest, source, axis, len 

Operands dest The unsigned integer destination field. 

The unsigned integer source field. source 

axis 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do . 
if context-flag(k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] +- ( 2: source[m]) 
mEC ... 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-u-add operation combines source fields by performing unsigned integer addition. 

A call to CM: spread-with-u-add-IL is equivalent to the sequence 

CM:scan-with-u-add-lL temp, source, axis, len, : upward, :inclusive, : none, dont-care 
CM:scan-with-copy-lL dest, temp, axis, len, :downward, :inclusive, :none, dont-care 

but may be faster. 
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SPREAD-WITH-COPY 

SPREAD-WITH-COPY 

The destination field in every selected processor receives a copy of the source value from a 
particular value within its scan subclass. 

Formats CM: spread-with-copy-IL dest, source, axis, len, coordinate 

Operands dest The unsigned integer destination field. 

The unsigned integer source field. source 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM: *maximum-integer-Iength*. 

coordinate An unsigned integer immediate operand to be used as the 
NEWS coordinate along axis indicating which element of the scan 
class is to be replicated. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let c = deposit-news-coordinate(g, k, axis, coordinate) 
dest[k] ~ source[c] 

where deposit-news-coordinate is as defined on page 33. 

See section 5.16 on page 34 for a general description of spread operations. 
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SPREAD-WITH-LOGAN D 

SPREAD-WITH-LOGAND 

The destination field in every selected processor receives the bitwise logical AND of the 
source fields from all processors in its scan subclass. 

Formats CM: spread-with-iogand-IL dest, source, azis, len 

Operands dest The destination field. 

The source field. source 

azis 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. Two 
bit fields are identical if they have the same address and the same length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose contezt-flag is 1. 

Definition For every virtual processor k in the current~vp-set do 
if contezt-ftag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] +- ( A source[m]) 
mEC" 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-Iogand operation combines source fields by performing bitwise logical AND operations. 

A call to CM: spread-with-iogand-IL is equivalent to the sequence 

CM:scan-with-logand-lL temp, source, azis, len, : upward, : inclusive, :none, dont-care 
CM:scan-with-copy-lL dest, temp, azis, len, : downward, :inclusive, :none, dont-care 

but may be faster. 
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SPREAD-WITH-LOGIOR 

SPREAD-WITH-LOGIOR 

The destination field in every selected processor receives the bitwise logical inclusive OR of 
the source fields from all processors in its scan subclass. 

Formats CM:spread-with-logior-lL dest, source, axis, len 

Operands dest The destination field. 

The source field. source 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. Two 
bit fields are identical if they have the same address and the same length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] - ( V source[m]) 
mEC. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-Iogior operation combines source fields by performing bitwise logical inclusive OR op­
erations. 

A call to CM:spread-with-logior-lL is equivalent to the sequence 

CM: scan-with-logior-lL 
CM: scan-with-copy-lL 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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SPREAD-WITH-LOGXOR 

SPREAD-WITH-LOGXOR 

The destination field in every selected processor receives the bitwise logical exclusive OR of 
the source fields from all processors in its scan subclass. 

Formats CM:spread-with-logxor-lL dest, source, axis, len 

Operands dest The destination field. 

The source field. source 

ax~s 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. Two 
bit fields are identical if they have the same address and the same length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-jlag[ k] = 1 then 

let 9 = geometry( current-vp-set) 
let Gk = scan-subclass(g, k, axis) 

dest[k] +- ( EB source[ m]) 
mEC" 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM:spread­
with-Iogxor operation combines source fields by performing bitwise logical exclusive OR op­
erations. 

A call to CM: spread-with-Iogxor-IL is equivalent to the sequence 

CM: scan-with-Iogxor-IL 
CM: scan-with-copy-IL 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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SPREAD-WITH-MAX 

SPREAD-WITH-F-MAX 

The destination field in every selected processor receives the largest of the floating-point 
source fields from all processors in its scan subclass. 

Formats CM:spread-with-f-max-IL dest, source, axis, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

ax~s An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-fiag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] +-- (max source[m]) 
mEG ... 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-f-max operation combines source fields by performing an floating-point maximum op­
eration. 

A call to CM: spread-with-f-max-IL is equivalent to the sequence 

CM: scan-with-f-max-IL 
CM: scan-with-copy-IL 

but may be faster. 

temp, source, axis, s, e, : upward, : inclusive, : none, dont-care 
dest, temp, axis, s + e + 1, :downward, :inclusive, :none, dont-care 
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SPREAD-WITH-MAX 

SPREAD-WITH-S-MAX 

The destination field in every selected processor receives the largest of the signed integer 
source fields from all processors in its scan subclass. 

Formats CM: spread-with-s-max-l L dest, source, axis, len 

Operands dest The signed integer destination field. 

The signed integer source field. sOUTce 

axzs 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be no smaller 
than 2 but no greater than CM:*maximum-integer-length*. 

Overlap The SOUTce field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-fla g[ k] = 1 then 

let g = geometry( current-vp-set) 
let Gle = scan-subclass(g, k, axis) 

dest[k] - (max SOUTce[m]) 
mEek 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-s-max operation combines SOUTce fields by performing a signed integer maximum oper­
ation. 

A call to CM: spread-with-s-max-IL is equivalent to the sequence 

CM: scan-with-s-max-IL 
eM: scan-with-copy-1L 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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SPREAD-WITH-MAX 

SPREAD-WITH-U-MAX 

The destination field in every selected processor receives the largest of the unsigned integer 
source fields from all processors in its scan subclass. 

Formats CM:spread-with-u-max-IL dest, source, axis, len 

Operands dest The unsigned integer destination field. 

The unsigned integer source field. source 

axts 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] +- (max source[m]) 
mEG. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM:spread­
with-u-max operation combines source fields by performing an unsigned integer maximum 
operation. 

A call to CM: spread-with-u-max-l L is equivalent to the sequence 

CM: scan-with-u-max-lL 
CM: scan-with-copy-1L 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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SPREAD-WITH-MIN 

SPREAD-WITH-F-MIN 

The destination field in every selected processor receives the smallest of the floating-point 
source fields from all processors in its scan subclass. 

Formats eM: spread-with-f-min-1L dest, source, axis, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

ax~s An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let g = geometry( current-vp-set) 
let GTc = scan-subclass(g, k, axis) 

dest[k] - (min source[m1) 
mEC. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The eM: spread­
with-f-min operation combines source fields by performing an floating-point minimum oper­
ation. 

A call to eM: spread-with-f-min-1L is equivalent to the sequence 

eM: scan-with-f-min-1L temp, source, axis, s, e, : upward, : inclusive, : none, dont-care 
eM: scan-with-copy-1L dest, temp, axis, s + e + 1, : downward, : inclusive, : none, dont-care 

but may be faster. 
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SPREAD-WITH-MIN 

SPREAD-WITH-S-MIN 

The destination field in every selected processor receives the smallest of the signed integer 
source fields from all processors in its scan subclass. 

Formats CM:spread-with-s-min-lL dest, source, axis, len 

Operands dest The signed integer destination field. 

The signed integer source field. source 

axzs 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be no smaller 
than 2 but no greater than CM:*maximum-integer-length*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[kJ = 1 then 

let 9 = geometry( current-vp-set) 
let Ck = scan-subclass(g, k, axis) 

dest[kJ- (min source[mJ) 
mEC .. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-s-min operation combines source fields by performing a signed integer minimum oper­
ation. 

A call to CM: spread-with-s-min-IL is equivalent to the sequence 

CM: scan-with-s-min-IL 
CM: scan-with-copy-l L 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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SPREAD-WITH-MIN 

SPREAD-WITH-U-MIN 

The destination field in every selected processor receives the smallest of the unsigned integer 
source fields from all processors in its scan subclass. 

Formats CM:spread-with-u-min-1L dest, source, axis, len 

Operands dest The unsigned integer destination field. 

The unsigned integer source field. source 

ax~s 

len 

An unsigned integer immediate operand to be used as the number 
of a NEWS axis. 

The length of the dest and source fields. This must be non-negative 
and no greater than eM: *maximum-integer-Iength*. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let 9 = geometry( current-vp-set) 
let Cle = scan-subclass(g, k, axis) 

dest[k] ~ (min source[m]) 
mEG .. 

where scan-subclass is as defined on page 36. 

See section 5.16 on page 34 for a general description of spread operations. The CM: spread­
with-u-min operation combines source fields by performing an unsigned integer minimum 
operation. 

A call to eM: spread-with-u-min-1L is equivalent to the sequence 

eM: scan-with-u-min-1L 
eM: scan-with-copy-IL 

but may be faster. 

temp, source, axis, len, : upward, : inclusive, : none, dont-care 
dest, temp, axis, len, : downward, : inclusive, : none, dont-care 
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F-SQRT 

Calculates the floating-point square root of the source field values and stores the result in 
the floating-point destination field. 

Formats CM:f-sqrt-l-1L 
CM:f-sqrt-2-1L 

dest/ source, s, e 
dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Flags test-flag is set if the source is negative and non-zero; otherwise it is cleared. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

if source[k] > 0 then 
dest[k] - v'source[k] 

else if source[k] = ±O then 
dest[k] - source[k] 

else if: source: [k] < 0 then 
dest[k] - (unpredictable) 
test[k] - 1 

If the source value is non-negative, then the square root of that value is placed in the 
destination. The square root of -0 is defined to be -0. 

If the source operand is a NaN, then it is copied to the dest field unchanged. 
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START-TIMER 

For the C /Paris and Fortran/Paris interfaces, starts the timer. 

Formats CM: start-timer 

Context This operation is unconditional. It does not depend on context-flag. 

The function CM: start-timer is used in the C/Paris and Fortran/Paris interfaces as part of 
the facility for timing the execution of other operations on the Connection Machine system. 
This function starts the accumulation of measured real time and run time. 

One should first call CM: reset-timer to clear the timing counters. Subsequently one may 
alternately call CM:start-timer and CM:stop-timer. The amounts of real time and run time 
between a start and a stop are accumulated into the counters. One may start and stop 
the clocks repeatedly. Every time CM: stop-timer is called, it returns a structure of type 
CM_timevaLt that contains time accumulated between all start/stop call pairs since the last 
call to CM: reset-timer. 

The timing facility is provided in the Lisp/Paris interfaces through the CM: time macro. 
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STOP-TIMER 

For the C/Paris and Fortran/Paris interfaces, stops the timer. 

Formats 

Result 

Context 

CM:stop-timer 

The accumulated timings since the last call to CM: reset-timer. In the C/Paris 
interface, this is a structure of type CM_timevaU. In the Fortran/Paris inter­
face, this is a DOUBLE PRECISION array of length 2. 

This operation is unconditional. It does not depend on context-flag. 

The function CM:stop-timer is used in the C/Paris and Fortran/Paris interfaces as part of 
the facility for timing the execution of other operations on the Connection Machine system. 
This function stops the accumulation of measured real time and run time. 

One should call CM: reset-timer to clear the timing counters. Subsequently one may al­
ternately call CM:start-timer and CM:stop-timer. The amounts of real time and run time 
between a start and a stop are accumulated into the counters. One may start and stop 
the clocks repeatedly. Every ,time CM:stop-timer is called, it returns a structure of type 
CM_timevaLt that contains time accumulated between all start/stop call pairs since the last 
call to CM: reset-timer. 

The timing facility is provided in the Lisp/Paris interfaces through the CM:time macro. 
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STORE-CONTEXT 

Unconditionally stores the context bit into memory. 

Formats eM: store-context dest 

Operands dest The destination bit (a one-bit field). 

Context This operation is unconditional. The destination may be altered regardless of 
the value of the context-flag. 

Definition For every virtual processor k in the current-vp-set do 
dest [k] - context-flag[ k] 

Within each processor, the context bit for that processor is unconditionally stored into 
memory. 
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STORE-FLAG 

STORE-flag 

Conditionally stores a flag bit into memory. 

Formats CM: store-test dest 
CM: store-overflow dest 

Operands dest The destination bit (a one-bit field). 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

dest[k] f- flag[k] 

where flag is test-flag or overflow-flag, as appropriate. 

Within each processor, the indicated flag for that processor is stored into memory. 
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SUB-MULT 

F-SUB-MULT 

Calculates a value (:z: - alb and places it in the destination. 

Formats CM: f-sub-mult-1L 
CM:f-sub-const-mult-1L 
CM: f-sub-mult-const-1L 
CM: f-sub-const-mult-const-1L 

dest, souree1, source2, source3, s, e 
dest, sourcel, source2-value, source3, s, e 
dest, source1, source2, source3-value, s, e 
dest, soureel, source2-value, source3-value, s, e 

Operands dest The floating-point destination field. 

sourcel The floating-point first source (minuend) field. 

source2 The floating-point second source (subtrahend) field. 

source2-value A floating-point immediate operand to be used as the second 
source (subtrahend). 

source3 The floating-point third source (multiplier) field. 

source3-value A floating-point immediate operand to be used as the third 
source ( multiplier). 

s, e The significand and exponent lengths for the dest, source1, souree2, 
and source3 fields. The total length of an operand in this format 
iss+e+1. 

Overlap The fields sourcel, source2, and source3 may overlap in any manner. Each 
of them, however, must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. It is permissible for all the fields to be identical. 

Flags overflow-flag is set iffloating-point overflow occurs; otherwise it is unaffected. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose conte:z:t-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if conte:z:t-flag[ k] = 1 then 

dest[k] +- (sourcel[k] - source2[k]) x source3[k] 
if (overflow occurred in processor k) then over flow- flag[ k 1 +- 1 

The operand souree2 is subtracted from souree1, treating them as floating-point numbers, 
and then the difference is multiplied by a third operand source3. The result is stored 
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into memory. The various operand formats allow operands to be either memory fields or 
constants. 

The constant operand source2-value should be a double-precision front-end value (in Lisp, 
automatic coercion is performed if necessary). The constant is then converted, in effect, to 
the format specified by s and e before the operation is performed. 

A call to CM:f-sub-mult-1L is equivalent to the sequence 

CM:f-subtract-3-1L temp, sourcel, source2, s, e 
CM:f-multiply-3-1L dest, temp, source3, s, e 

but may be faster. 
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SUBTRACT 

F-SUBTRACT 

The difference of two floating-point source values is placed in the destination field. 

Formats CM: f-subtract-2-1L 
CM:f-subtract-always-2-1L 
CM:f-subtract-3-1L 
CM:f-subtract-always-3-1L 
CM: f-subtract-constant- 2-1 L 
CM: f-subtract-const-always-2-1 L 
CM:f-subtract-constant-3-1L 
CM: f-subtract-const-always-3-1L 
CM:f-subfrom-2-1L 
CM: f-subfrom-always-2-1L 
CM:f-subfrom-constant-2-1L 
CM: f-subfrom-const-always-2-1 L 
CM:f-subfrom-constant-3-1L 
CM:f-subfrom-const-always-3-1L 

dest/ sourcel, souTce2, s, e 
dest/ souTcel, souTce2, S, e 
dest, sourcel, souTce2, S, e 
dest, souTcel, souTee2, S, e 
dest / source1, souTce2-value, s, e 
dest/ souTeel, souTee2-value, S, e 
dest, souTeel, souTee2-value, S, e 
dest, souTeel, souTee2-value, S, e 
dest/ souTce2, souTeel, S, e 
dest/ souTee2, souTeel, S, e 
dest/ souTee2, souTee1-value, S, e 
dest/ source2, souTee1-value, s, e 
dest, source2, souTee1-value, s, e 
dest, souTee2, souTcel-value, s, e 

Operands dest The floating-point destination field. This is the difference, the 
result of the subtraction operation. 

Overlap 

Flags 

Context 

SOUTCe1 The floating-point first source field. This is the miriuend. 

souTce2 The floating-point second source field. This is the subtrahend. 

souTcel-value A floating-point inunediate operand to be used as the first 
source. 

souTce2-value A floating-point inunediate operand to be used as the second 
source. 

s, e The significand and exponent lengths for the dest, SO uTee1 , and 
souTee2 fields. The total length of an operand in this format is 
s+e+1. 

The fields souTeel and souTee2 may overlap in any manner. Each of them, 
however, must be either disjoint from or identical to the dest field. Two 
floating-point fields are identical if they have the same address and the same 
format. It is permissible for all the fields to be identical 

oveTflow-flag is set if floating-point overflow occurs; otherwise it is unaffected. 

The non-always operations are conditional. The destination and flag may be 
altered only in processors whose context-flag is 1. 

The always operations are unconditional. The destination and flag may be 
altered regardless of the value of the context-flag. 
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Definition For every virtual processor k in the eurrent-vp-set do 
if (always or eontext-flag[k] = 1) then 

dest[k] +- soureel[k]- souree2[k] 
if (overflow occurred in processor k) then overflow-flag[k] +- 1 

SUBTRACT 

The operand souree2 is subtracted from soureel, treated as as floating-point numbers. The 
result is stored into the memory field dest. The various operand formats allow operands to 
be either memory fields are constants; in some cases the destination field initially contains 
one source operand. The "subfrom" operations allow for the destination to be subtracted 
from the other operand, or for a memory field to be subtracted from an immediate value. 

The constant operand souree1-value or souree2-value should be a double-precision front­
end value (in Lisp, automatic coercion is performed if necessary). The constant is then 
converted, in effect, to the format specified by sand e before the operation is performed. 
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SUBTRACT 

S-SUBTRACT 

The difference of two signed integer source values is placed in the destination field. Carry­
out and overflow are also computed. 

Formats eM: s-subtrac:t-3-3L 
CM:s-subtract-2-1L 
CM: s-subtrac:t-3-1L 
CM:s-subtract-constant-2-1L 
CM:s-subtrac:t-constant-3-1L 
CM: s-su bfrom-2-1 L 
CM: s-su bfrom-constant-2-1 L 
CM:s-subfrom-constant-3-1L 

dest, soureel, source2, dlen, slenl, slen2 
dest/ soureel, souree2, len 
dest, soureel, souree2, len 
dest/sourcel, souree2-value, len 
dest, souree1, source2-value, len 
dest/source2, sourcel, len 
dest / souree2, souree1-value, len 
dest, souree2, souree1-value, len 

Operands dest The signed integer destination field. This is the difference, the 
result of the subtraction operation. 

Overlap 

soureel 

souree2 

The signed integer first source field. This is the minuend. 

The signed integer second source field. This is the subtrahend. 

source1.-value A signed integer immediate operand to be used as the first 
source. 

source2-value A signed integer immediate operand to be used as the second 

len 

dlen 

slenl 

slen2 

source. 

The length of the dest, sourcel, and souree2 fields. This must 
be no smaller than 2 but no greater than CM:*maximum-integer­
length*. 

For CM:s-subtract-3-3L, the length of the dest field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

For CM: s-subtract-3-3L, the length of the soureel field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

For CM: s-subtract-3-3L, the length of the souree2 field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

The fields soureel and source2 may overlap in any manner. Each of them, 
however, must be either disjoint from or identical to the dest field. Two integer 
fields are identical if they have the same address and the same length. It is 
permissible for all the fields to be identical. 
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SUBTRACT 

Flags carry-flag is set if there is a carry-out from the high-order bit position; oth­
erwise it is cleared. For subtraction, "carry" is equivalent to "not borrow." 

overflow-flag is set if the difference cannot be represented in the destination 
field; otherwise it is cleared. 

Context This operation is conditional. The destination and flags may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

dest[k] f- sourcel [k] - source2[k] 
carry-flag[k] f- (carry out in processor k) 
if (overflow occurred in processor k) then overftow-flag[k] f- 1 
else overflow-flag[ k] f- 0 

The operand source2 is subtracted from sourcel, treated as as signed integers. The result 
is stored into the memory field dest. The various operand formats allow operands to be 
either memory fields are constants; in some cases the destination field initially contains one 
source operand. The "subfrom" operations allow for the destination to be subtracted from 
the other operand, or for a memory field to be subtracted from an inunediate value. 

The carry-flag and overflow-flag may be altered by these operations. If overflow occurs, 
then the destination field will contain as many of the low-order bits of the true result as 
will fit. 

The constant operand souree1-value or souree2-value should be a signed integer front-end 
value. The operation is performed properly in all cases; the constant need not be repre­
sentable in the number of bits specified by len. 
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SUBTRACT 

U-SUBTRACT 

The difference of two unsigned integer source values is placed in the destination field. Carry­
out and overflow are also computed. 

Formats CM: u-subtract-3-3L dest, sourcel, source2, dlen, sIenl, slen2 
CM: u-subtract-2-1L dest/ sourcel, source2, len 
CM:u-subfrom-2-1L dest/source2, sourcel, len 
CM: u-subtract-3-1L dest, sourcel, source2, len 
CM: u-subtract-constant-2-1L dest/ sourcel, source2-value, len 
CM:u-subfrom-constant-2-1L dest/source2, sourcel-value, len 
CM: u-subtract-constant-3-1L dest, sourcel, source2-value, len 
CM: u-subfrom-constant-3-1L dest, source2, souree1-value, len 

Operands dest The unsigned integer destination field. This is the difference, the 
result of the subtraction operation. 

Overlap 

Flags 

sourcel The unsigned integer first source field. This is the minuend. 

source2 The unsigned integer second source field. This is the subtrahend. 

sourcel-value An unsigned integer immediate operand to be used as the 
first source. 

source2-value An unsigned integer immediate operand to be used as the 

len 

dlen 

slenl 

slen2 

second source. 

The length of the dest, source1, and source2 fields. This must be 
non-negative and no greater than CM: *maximum-integer-Iength*. 

For CM: u-subtract-3-3L, the length of the dest field. This must be 
non-negative and no greater than CM: *maximum-integer-Iength*. 

For CM: u-subtract-3-3L, the length of the source1 field. This 
must be non-negative and no greater than CM: *maximum-integer­
length*. 

For CM: u-subtract-3-3L, the length of the source2 field. This 
must be non-negative and no greater than CM: *maximum-integer­
length*. 

The fields sourcel and souree2 may overlap in any manner. Each of them, 
however, must be either disjoint from or identical to the dest field. Two integer 
fields are identical if they have the same address and the same length. It is 
permissible for all the fields to be identical. 

carry-flag is set if there is a carry-out from the high-order bit position; oth­
erwise it is cleared. For subtraction, "carry" is equivalent to "not borrow." 
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overflow-flag is set if the difference cannot be represented in the destination 
field; otherwise it is cleared. 

Context This operation is conditional. The destination and flags may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

dest[k] .... source1[k]- source2[k] 
carry-flag[k] .... (carry out in processor k) 
if (overflow occurred in processor k) then overflow-flag[ k] .... 1 
else overflow-flag[ k] .... 0 

The operand souree2 is subtracted from souree1, treated as as unsigned integers. The result 
is stored into the memory field dest. The various operand formats allow operands to be 
either memory fields are constants; in some cases the destination field initially contains one 
source operand. The "subfrom" operations allow for the destination to be subtracted from 
the other operand, or for a memory field to be subtracted from an immediate value. 

The carry-flag and overflow-flag may be altered by these operations. If overflow occurs, 
then the destination field will contain as many of the low-order bits of the true result as 
will fit. 

The constant operand souree1-value or souree2-value should be an unsigned integer front­
end value. The operation is performed properly in all cases; the constant need not be 
representable in the number of bits specified by len. 
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SWAP 

Swaps the contents of two bit fields. 

Formats CM:swap-2-1L dest1/souTce1, dest2/souTce2, len 

Operands dest1 The first destination field. 

souTce1 

dest2 

souTce2 

len 

The first source (same as first destination) field. 

The second destination field. 

The second source (same as second destination) field. 

The length of the dest1, source1, dest2, and source2 fields. This 
must be non-negative and no greater than CM: *maximum-integer­
length*. 

Overlap The fields dest1 and dest2 must not overlap in any manner. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

let temp11c = souTcel[k] 
let temp21c = souTce2[k] 
let destl [k] to- temp21c 
let dest2[k] to- temp11c 

Each of the two fields is copied into the other so as to exchange their contents. 
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F-TAN 

Calculates the floating-point tangent of the source field values and stores the result in the 
floating-point destination field. 

Formats CM:f-tan-l-lL dest/source, s, e 
CM:f-tan-2-1L dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Flags overflow-flag is set iffloating-point overflow occurs; otherwise it is unaffected. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

dest[k] +- tansource[k] 
if (overflow occurred in processor k) then overflow-flag[k] +- 1 

The tangent of the value of the source field is stored into the dest field. 

445 



TANH 

F-TANH 

Calculates the floating-point hyperbolic tangent of the source field values and stores the 
result in the floating-point destination field. 

Formats CM:f-tanh-l-lL dest/source, s, e 
CM:f-tanh-2-1L dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Flags overflow-flag is set iffloating-point overflow occurs; otherwise it is unaffected. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[ k 1 = 1 then 

dest[k 1 +- tanh source 
if (overflow occurred in processor k) then overflow-flag[ k 1 +- 1 

The hyperbolic tangent of the value of the source field is stored into the dest field. 
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TIME 

Times other operations and reports both the total amount of time elapsed and the amount 
of time spent executing on the Connection Machine system. 

Formats CM:time expressions 

Context This operation is unconditional. It does not depend on context-flag. 

The CM: time facility is a Lisp macro, not a function. It is used in the Lisp/Paris interface 
to time the execution of other operations on the Connection Machine system. 

A call to the CM: time macro contains a Lisp expression; this is executed in the normal 
manner, but before the value is returned, timing information is printed out as for the 
Common Lisp time macro. 

The first number reported is elapsed time during execution on both the front-end computer 
and the Connection Machine system. In addition, timing information related to Connection 
Machine system performance is printed. The second number reported is the amount of that 
time that the Connection Machine system was actually executing instructions (not waiting 
for the front end). For optimal performance, the programmer strives to obtain the maximum 
percentage of Connection Machine utilization possible. 

The timing facility is provided in the C/Paris and Fortran/Paris interfaces through a set of 
functions CM:reset-timer, CM:start-timer, and CM:stop-timer. 
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TO-GRAY-COOE 

FE-TO-GRAY-CODE 

Converts, on the front end, a nonnegative integer into a bit string representing a Gray-coded 
integer value. 

Formats result +- eM: fe-to-gray-code integer 

Operands integer An unsigned integer immediate operand to be used as the nonneg­
ative integer. 

Result An unsigned integer, the Gray code equivalent of integer. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition Return integer el int~gef' J 

This function calculates, entirely on the front end, a bit-string encoding in a particular 
reflected binary Gray code. The position of that value in the standard Gray code sequence 
is equal to the specified integer. 

Note that. the binary value 0 is always equivalent to a Gray code string that is all O-bits. 
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TO-GRAY-CODE 

u-TO-GRAY-CODE 

Converts an unsigned binary integer to a bit string representing a Gray-coded integer value. 

Formats CM: u-to-gray-code-l-IL 
C M: u-to-gray-code-2-1 L 

dest / source, len 
dest, source, len 

Operands dest The destination field. 

source The unsigned integer source field. 

len The length of the dest and source fields. This must be non-negative 
and no greater than CM: *maximum-integer-Ien gth *. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two integer fields are identical if they have the same address and the same 
length. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[ k] = 1 then 

dest[k](len - 1) +- source[k](len - 1) 
for j from len - 2 to 0 do 

dest[k](j) +- source[k](j) EB source[k](j + 1) 

The source operand is an unsigned binary integer, and is converted to a bit-string value in 
a particular reflected binary Gray code. The position of that value in the standard Gray 
code sequence is the source. 

Note that the binary value 0 is always equivalent to a Gray code string that is all O-bits. 
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TRUNCATE 

F-F-TRUNCATE 

Rounds each source field value to the largest integral value not greater than that value and 
stores the result as a floating-point number in the destination field. 

Formats CM:f-f-truncate-l-1L dest/source, s, e 
CM:f-f-truncate-2-1L dest, source, s, e 

Operands dest The floating-point destination field. 

The floating-point source field. source 

s, e The significand and exponent lengths for the dest and source fields. 
The total length of an operand in this format is s + e + 1. 

Overlap The source field must be either disjoint from or identical to the dest field. 
Two floating-point fields are identical if they have the same address and the 
same format. 

Context This operation is conditional. The destination may be altered only in proces­
sors whose context-flag is 1. 

Definition For every virtual processor k in the current-up-set do 
if context-flag[k] = 1 then 

dest[k] i- sign(source) x Llsource[k]1J 

The source field, treated as a floating-point number, is rounded to the nearest integer in 
the direction of zero, which is stored into the dest field as a floating-point number. 
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S-F-TRUNCATE 

Rounds each source field value to the largest integer not greater than that value and stores 
the result as a signed integer in the destination field. 

Formats CM: s-f-truncate-2-2L dest, source, dlen, s, e 

Operands dest The signed integer destination field. 

The floating-point source field. source 

len 

s, e 

The length of the dest field. This must be no smaller than 2 but 
no greater than CM: *maximum-integer-Iength*. 

The significand and exponent lengths for the source field. The 
total length of an operand in this format is s + e + 1. 

Overlap The fields dest and source must not overlap in any manner. 

Flags overflow-flag is set if the result cannot be represented in the dest field; other­
wise it is cleared. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-flag[ k J = 1 then 

dest[k] ~ sign(source) X lIsource[kJIJ 
if (overflow occurred in processor k) then overflow-flag[ k J ~ 1 else overflow-flag[ k ] 

The source field, treated as a floating-point number, is rounded to the nearest integer in 
the direction of zero, which is stored into the dest field as a signed integer. 
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S-TRUNCATE 

The quotient of two signed integer source values, rounded toward zero to the nearest integer, 
is placed in the destination field. Overflow is also computed. 

Formats CM:s-truncate-3-3L dest, sourcel, source2, dlen, slenl, slen2 
CM:s-truncate-2-1L destlsourcel, source2, len 
CM:s-truncate-3-1L dest, soureel, source2, len 
C M: s-trun ca te-constant-2-1 L dest / source 1 , source2-1Jalue, len 
CM:s-truncate-constant-3-1L dest, souree1, source2-value, len 

Operands dest The signed integer quotient field. 

The signed integer dividend field. 

The signed integer divisor field. 

Overlap 

Flags 

Context 

sourcel 

source2 

source2-value A signed integer immediate operand to be used as the second 

len 

dlen 

slenl 

slen2 

source. 

The length of the dest, sourcel, and source2 fields. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

For CM: s-truncate-3-3L, the length of the dest field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

For CM: s-truncate-3-3L, the length of the sourcel field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

For CM:s-truncate-3-3l, the length of the source2 field. This must 
be no smaller than 2 but no greater than CM: *maximum-integer­
length*. 

The fields sourcel and source2 may overlap in any manner. Each of them, 
however, must be either disjoint from or identical to the dest field. Two integer 
fields are identical if they have the same address and the same length. It is 
permissible for all the fields to be identicaL 

overflow-flag is set if either the quotient cannot be represented in the desti­
nation field or the divisor is zero; otherwise it is cleared. 

This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 
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Definition For every virtual processor k in the current-vp-set do 
if context-flag[k] = 1 then 

if source2[k] = 0 then 
dest[k] +- (unpredictable) 

else 

dest[k] +- sign( sourcel [k]) X sign( source2[k]) X 

TRUNCATE 

The signed integer source1 operand is divided by the signed integer source2 operand. The 
mathematical quotient is truncated towards zero and stored into the signed integer memory 
field dest. The various operand formats allow operands to be either memory fields are 
constants; in some cases the destination field initially contains one source operand. 

The overflow-flag may be affected by these operations. If overflow occurs, then the desti­
nation field will contain as many of the low-order bits of the true result as will fit. 

The constant operand source2-value should be a signed integer front-end value. The op­
eration is performed properly in all cases; the constant need not be representable in the 
number of bits specified by len. 
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TRUNCATE 

U-TRUNCATE 

The quotient of two unsigned integer source values, rounded toward zero to the nearest 
integer, is placed in the destination field. Overflow is also computed. 

Formats CM:u-truncate-3-3L dest, source1, source2, dlen, slen1, slen2 
CM:u-truncate-2-1L dest/source1, source2, len 
CM: u-truncate-3-1L dest, souree1, source2, len 
CM: u-truncate-constant-2-1L dest/ source1, source2-value, len 
CM: u-truncate-constant-3-1L dest, source1, source2-value, len 

Operands dest The unsigned integer quotient field. 

The unsigned integer dividend field. 

The unsigned integer divisor field. 

sourcel 

source2 

source2-value An unsigned integer immediate operand to be used as the 

len 

dlen 

slen1 

slen2 

second source. 

The length of the dest, source1, and source2 fields. This must be 
non-negative and no greater than CM:*maximum-integer-length*. 

For CM: u-truncate-3-3L, the length of the dest field. This must be 
non-negative and no greater than CM:*maximum-integer-length*. 

For CM: u-truncate-3-3L, the length of the source1 field. This 
must be non-negative and no greater than CM: *maximum-integer­
length*. 

For CM: u-truncate-3-3L, the length of the source2 field. This 
must be non-negative and no greater than CM: *maximum-integer­
length*. 

Overlap The fields sourcel and source2 may overlap in any manner. Each of them, 
however, must be either disjoint from or identical to the dest field. Two integer 
fields are identical if they have the same address and the same length. It is 
permissible for all the fields to be identical. 

Flags overflow-flag is set if the divisor is zero; otherwise it is cleared. 

Context This operation is conditional. The destination and flag may be altered only 
in processors whose context-flag is 1. 

Definition For every virtual processor k in the current-vp-set do 
if context-fiag(k] = 1 then 
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if source2 [k] = 0 then 
dest[k] ~ (unpredictable) 

else 

dest[k] ~ lsourcel[k1J 
source2[k] 

TRUNCATE 

if (overflow occurred in processor k) then overflow-flag[ k] ~ 1 
else overflow-flag[ k] ~ 0 

The unsigned integer sourcel operand is divided by the unsigned integer source2 operand. 
The floor of the mathematical quotient is stored into the unsigned integer memory field 
dest. The various operand formats allow operands to be either memory fields are constants; 
in some cases the destination field initially contains one source operand. 

The overflow-flag may be affected by these operations. If overflow occurs, then the desti­
nation field will contain as many of the low-order bits of the true result as will fit. 

The constant operand source2-value should be a signed integer front-end value. The op­
eration is performed properly in all cases; the constant need not be representable in the 
number of bits specified by len. 
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VP-SET-GEOMETRY 

VP-SET-GEOMETRY 

Returns the geometry associated with a given VP set. 

Formats result +- eM: vp-set-geometry vp-set-id 

Operands vp-set-id A vp-set-id. 

Result A geometry-id, identifying the current geometry of the specified vp-set. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition Return geometry( vp-set-id) 

The geometry associated with the specified VP set is returned. 
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WARM-BOOT 

WARM-BOOT 

This operation is used by the Lisp/Paris interface to reinitialize the Connection Machine 
system without disturbing user memory. 

Formats CM:warm-boot 

Context This operation is unconditional. It does not depend on context-flag. 

This operation clears error status indicators for the attached Connection Machine hardware. 
It also clears the IFIFO and OFIFO in the bus interface and possibly loads fresh microcode 
into the attached microcontroller( s). The user memory areas in the Connection Machine 
system are not disturbed, but are checked for errors; any memory errors are reported. 
Certain system memory areas in the Connection Machine system are reinitialized, but the 
state of the pseudo-random number generator is not altered and the system lights-display 
mode is not altered. The intent is to recover from an error condition while preserving as 
much of the machine state as possible. 

The facility for warm-booting Connection Machine hardware is provided in different ways 
in the Lisp/Paris interface (on the one hand) and the C/Paris and Fortran/Paris interfaces 
(on the other hand). 

In the Lisp/Paris interface, CM:warm-boot is a function. 

This operation takes no arguments and returns no values. It signals an error if the warm­
boot process was not successful. 

There are two sets of initializations, kept in the variables CM: *before-warm-boot­
initializations* and CM: *after-warm-boot-initializations*, that are evaluated before and af­
ter anything else occurs. 

In the C jParis and Fortran/Paris interfaces, there is no CM: warm-boot operation. Instead, 
a related operation called CM:init is used. 
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WRITE-TO-NEWS-ARRAY 

F-WRITE-TO-NEWS-ARRAY 

Copies a sub array of an array in the memory of the front end into a field within a set of 
processors forming a subarray (of the same shape) of the NEWS grid. 

Formats eM: f-write-to-news-array-IL front-end-array, offset-vector, start-vector, 
end-vector, axis-vector, dest, s, ej 

rank, dimension-vector, element-len 

Operands front-end-array A front-end array (possibly multidimensional) of floating­
point data. 

offset-vector A front-end vector (one-dimensional array) of floating-point 
subscript offsets for the front-end-array. 

start-vector A front-end vector (one-dimensional array) of unsigned inte-
ger inclusive lower bounds for NEWS indices. 

end-vector A front-end vector (one-dimensional array) of unsigned inte-
ger exclusive upper bounds for NEWS indices. 

axis-vector A front-end vector (one-dimensional array) of unsigned inte-
ger numbers indicating NEWS axes. 

dest The floating-point destination field. 

s, e The significand and exponent lengths for the dest field. The total 
length of an operand in this format is s + e + 1. 

rank An unsigned integer, the rank (number of dimensions) of the 
front-end-array. 

dimension-vector A front-end vector ( one-dimensional array) of unsigned 
integer dimensions of the front-end-array. 

element-len An unsigned integer, the size of an element front-end-array, 
measured in bytes. This must be 4 or 8. 

Context This operation is unconditional. It does not depend on context-flag. 

rank-l 
Definition For all i such that 0 ~ j < I1 (endj - startj) do 

j=O 

for all m such that 0 ~ m < rank do 

let S(i,m) = lrank_ 1 z j mod (endm - staTtm) 
n (endj-,tartj) 

j= ... +l 
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WRITE-TO-NEWS-ARRAY 

"ank-1 
let k i = V make-news-coordinate( axis;, startj + Si,j) 

j=O 

dest[ki] +- front-end-arraYII(i,O),S(i,1) ,ooo,lI(i,,, ..... _1) 

Another formulation: 

For all So such that 0 :::; So < (end o - starto) do 
for all Sl such that 0 :::; Sl < (end1 - start!) do 

for all S2 such that 0 :::; S2 < (end 2 - start2) do 

for all S"ank-1 such that 0 :::; S"ank-1 < (end"ank-1 - start"ank_1) do 
"ank-1 

let kIlO,lIl1ooo,lI,.ank_l = .v make-news-coordinate( axis j, startj + 5j) 
3=0 

dest[k.o,81,ooo,lI,.ank_l] +-

front-end-arraYolJuto+SO,olJlletl +Sl,ooo,olJlletrank_l +8"ank_l 

This operation copies a rectangular sub block of an array in the front end into a similarly 
shaped subblock of the NEWS grid. 

Floating-point number values are transferred from the specified array to the Connection 
Machine processors. When this operation is invoked from C code, the element-len parameter 
should be the number of bytes in an array element, as determined by the C sizeof operator. 

The dest parameter specifies the memory address within each processor of the field into 
which the data is to be stored. 

The five vector arguments are one-dimensional front-end arrays of length rank. For 
descriptive purposes let there be a number of indices kj (0 :::; j < rank) such that 
o :::; kj < (endj - startj). Then for all possible combinations of values for these indices, the 
array element whose indices are offsetj + k j (:::; j < n) is copied into the dest field of the 
processor whose send address is 

n-l 

V make-news-coordinate( start j + k j, axis j) 
j=O 

The total number of values transferred is therefore 

n-l 

II (end j - startj) 
j=O 

The dimension-vector specifies the dimensions of the front end array. 
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WRITE-TO-N EWS-ARRAY 

S-WRITE-TO-NEWS-ARRAY 

Copies a subarray of an array in the memory of the front end into a field within a set of 
processors forming a subarray (of the same shape) of the NE ws grid. 

Formats CM: s-write-to-news-array-ll front-end-array, offset-vector, start-vector, 
end-vector, axis-vector, dest, len; 
rank, dimension-vector, element-len 

Operands front-end-array A front-end array (possibly multidimensional) of signed in­
teger data. 

Context 

Definition 

offset-vector A front-end vector (one-dimensional array) of signed integer 
subscript offsets for the front-end-array. 

start-vector A front-end vector (one-dimensional array) of unsigned inte-
ger inclusive lower bounds for NEWS indices. 

end-vector A front-end vector (one-dimensional array) of unsigned inte-
ger exclusive upper bounds for NEWS indices. 

axis-vector A front-end vector (one-dimensional array) of unsigned inte-
ger numbers indicating NEWS axes. 

dest The signed integer destination field. 

len The length of the dest field. This must be no smaller than 2 but 
no greater than CM: *maximum-integer-Iength*. 

rank An unsigned integer, the rank (number of dimensions) of the 
front-end-array. 

dimension-vector A front-end vector (one-dimensional array) of unsigned 
integer dimensions of the front-end-array. 

element-len An unsigned integer, the size of an element front-end-array, 
measured in bytes. This must be 1, 2, or 4. 

This operation is unconditional. It does not depend on context-flag. 

,.ank-l 
For all i such that 0 :::; j < IT ( end j - start j) do 

j=O 

for all m such that 0 :::; m < rank do 

let S(i,m) = l,.ank_l 1, j mod (end m - staTt m ) 

. II ( end j - .ta,.t j) 
)= ... +1 
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WRITE-TO-N EWS-ARRAY 

1'lInk-1 
let ki = V make-news-coordinate(axisj, startj + Si.j) 

j=O 

dest[ki} +- front-end-arraY6(i.O).6(i.1) •.... 6(i . .,." ... Ie_l) 

Another formulation: 

For all So such that 0 ~ So < (end o - starto) do 
for all S1 such that 0 ~ S1 < (end1 - start1) do 

for all S2 such that 0 ~ S2 < (end 2 - start2) do 

for all S"'lInk-1 such that 0 ~ S,.ank-1 < (end,.ank_1 - start.,.lInk_1) do 
"lInk-1 

let k.O •• 1, ...•• ,.lInk_l = .v make-news-coordinate(axisj,startj + Sj) 
3=0 

dest[k60 ,.1.···.·,.ank_l] +-

front-end-arraYojJ3efo+ao.ojJ.etl +.l •.... ojJ.etrank_l +·rank-l 

This operation copies a rectangular sub block of an array in the front end into a similarly 
shaped subblock of the NEWS grid. 

Signed integer values are transferred from the specified array to the Connection Machine 
processors. When calling Paris from Lisp the array may be a general S-expression array 
containing signed integers, or may be a specialized integer-element array (such as the kind 
called art.-8b on the Symbolics 3600). When this operation is invoked from C code, the 
element-len parameter should be the number of bytes in an array element, as determined 
by the C sizeof operator. 

The dest parameter specifies the memory address within each processor of the field into 
which the data is to be stored. 

The five vector arguments are one-dimensional front-end arrays of length rank. For 
descriptive purposes let there be a number of indices k j (0 ~ j < rank) such that 
o ~ kj < (endj - startj). Then for all possible combinations of values for these indices, the 
array element whose indices are offsetj + k j (~ j < n) is copied into the dest field of the 
processor whose send address is 

n-1 
V make-news-coordinate( start; + k j, axis j ) 
;=0 

The total number of values transferred is therefore 

n-1 
II ( end j - start j ) 

j=O 

The dimension-vector specifies the dimensions of the front end array. 
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WRITE-TO-NEWS-ARRAY 

U-WRITE-TO-NEWS-ARRAY 

Copies a subarray of an array in the memory of the front end into a field within a set of 
processors forming a subarray (of the same shape) of the NE ws grid. 

Formats CM: u-write-to-news-array-IL front-end-array, offset-vector, start-vector, 
end-vector, axis-vector, dest, len; 
rank, dimension-vector, element-len 

Operands front-end-army A front-end array (possibly multidimensional) of unsigned 
integer data. 

offset-vector A front-end vector (one-dimensional array) of signed integer 
subscript offsets for the front-end-array. 

start-vector A front-end vector (one-dimensional array) of unsigned inte-
ger inclusive lower bounds for NEWS indices. 

end-vector A front-end vector (one-dimensional array) of unsigned inte-
ger exclusive upper bounds for NEWS indices. 

axis-vector A front-end vector (one-dimensional array) of unsigned inte-
ger numbers indicating NEWS axes. 

dest The unsigned integer destination field. 

len The length of the dest field. This must be non-negative and no 
greater than CM: *maximum-integer-Iength*. 

rank An unsigned integer, the rank (number of dimensions) of the 
front-end-army. 

dimension-vector A front-end vector ( one-dimensional array) of unsigned 
integer dimensions of the front-end-array. 

element-len An unsigned integer, the size of an element front-end-array, 
measured in bytes. This must be 1, 2, or 4. 

Context This operation is unconditional. It does not depend on context-flag. 

rank-l 
Definition For all i such that 0 ~ j < n (end j - start j) do 

j=O 

for all m such that 0 ~ m < rank do 

let S(i,m) = lrank_l ~ j mod (endm - staTim) 
. n (endj-.tartj) 
J=m+l 
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WRITE-TO-N EWS-ARRAY 

,.ank-1 
let ki = V make-news-coordinate( axis;, start; + Si,;) 

;=0 
dest[kil - jront-end-array.(·O) .('1) ...• (. L 1) 

I, I 't I t ',1'a." .. -

Another formulation: 

For all So such that 0 5 So < (end o - starto) do 
for all S1 such that 0 5 S1 < (end 1 - start 1) do 

for all S2 such that 0 5 S2 < (end 2 - start2) do 

for all S .. ank-1 such that 0 5 S .. ank-1 < (end,.ank-1 - start,.ank_1) do 
.. ank-1 

let k.O,.l"",.,.ank_l = V make-news-coordinate( axis;, start; + s;) 
3=0 

dest[k.o,.tl,···,.t,.ank_l] -
jront-end-arroYojJ.et.J +'0 , ojJ.etl + .. l ..... ojJ.et,.ank_l +.t .. ank_l 

This operation copies a rectangular subblock of an array in the front end into a similarly 
shaped subblock of the NEWS grid. 

Unsigned integer values are transferred from the specified array to the Connection Machine 
processors. When calling Paris from Lisp the array may be a general S-expression array 
containing unsigned integers, or may be a specialized integer-element array (such as the 
kind called art-8b on the Symbolics 3600). When this opEM.'ation is invoked from C code, the 
element-len parameter should be the number of bytes in an array element, as determined 
by the C sizeof operator. 

The dest parameter specifies the memory address within each processor of the field into 
which the data is to be stored. 

The five vector arguments are one-dimensional front-end arrays of length rank. For 
descriptive purposes let there be a number of indices k; (0 5 j < rank) such that 
o ::; k; < (end; - start;). Then for all possible combinations of values for these indices, the 
array element whose indices are offset; + k; (5 j < n) is copied into the dest field of the 
processor whose send address is 

n-1 

V make-news-coordinate( start; + k;, axis;) 
;=0 

The total number of values transferred is therefore 

n-1 

II ( end; - start;) 
;=0 

The dimension-vector specifies the dimensions of the front end array. 
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WRITE-TO-PROCESSOR 

F-WRITE-TO-PROCESSOR 

Stores an immediate floating-point number operand value into the destination field of a 
single specified processor. 

Formats CM:f-write-to-processor-lL send-address-value, dest, source-value, s, e 

Operanqs send-address-value An immediate operand, the send address of a single 
particular processor. 

dest The floating-point destination field. 

source-value A floating-point immediate operand to be used as the source. 

s, e The significand and exponent lengths for the dest field. The total 
length of an operand in this format is s + e + 1. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition dest[send-address-value] +- source-value 

The specified source-value, a floating-point number, is stored into the dest field of the 
processor whose send address is the immediate operand send-address-value. 
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WRITE-TO-PROCESSOR 

S-WRITE-TO-PROCESSOR 

Stores an inunediate signed integer operand value into the destination field of a single 
specified processor. 

Formats CM: s-write-to-processor-IL send-address-value, dest, source-value, len 

Operands send-address-value An immediate operand, the send address of a single 
particular processor. 

dest The signed integer destination field. 

source-value A signed integer immediate operand to be used as the source. 

len The length of the dest field. This must be no smaller than 2 but 
no greater than CM:*maximum-integer-length*. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition dest[ send-address-value] - source-value 

The specified source-value, a signed integer, is stored into the dest field of the processor 
whose send address is the immediate operand send-address-value. 
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WRITE-TO-PROCESSOR 

U-WRITE-TO-PROCESSOR 

Stores an hmnediate unsigned integer operand value into the destination field of a single 
specified processor. 

Formats CM:u-write-to-processor-lL send-address-value, dest, source-value, len 

Operands send-address-value An inunediate operand, the send address of a single 
particular processor. 

dest The unsigned integer destination field. 

source-value An unsigned integer hmnediate operand to be used as the 
source. 

len The length of the dest field. This must be non-negative and no 
greater than CM: *maximum-integer-Iength*. 

Context This operation is unconditional. It does not depend on context-flag. 

Definition dest[ send-address-value 1 +- source-value 

The specified source-value, an unsigned integer, is stored into the dest field of the processor 
whose send address is the inunediate operand send-address-value. 
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Appendix A 

Changes from Version 4.3 Paris 

The Paris instruction set released with Connection Machine System Software Version 5.0 
is substantially different from that released with Version 4.3. Nearly all of the previous 
functionality has been retained, sometimes in slightly altered form. A few operations have 
been removed, and several categories of new operations have been added. The changes from 
Version 4.3 to Version 5.0 are summarized here. 

First a word about release and version numbers. In the past, Paris releases have born 
version numbers different from those used for the Connection Machine System Software as 
a whole. Beginning with Version 5.0, Paris release numbers now correspond to those of the 
rest of the system software. Thus, when we refer to Paris Version 4.3, we are referring to 
Paris software that was originally called Paris Release 2, version 7 and that was distributed 
with Version 4.3 of the system software. The current Paris software is Version 5.0. In 
conversation, Paris Version 5.0 may sometimes be referred to as Paris Release 3. This 
should happen less as the new numbering system takes hold. 

A.I All names are alphabetic and limited in length 

To allow convenient use of Paris within many programming languages and environments, 
nearly all Paris instructions have been renamed. Names do not contain any special char­
acters except for colon and hyphen (for the Lisp interface) or underscore (for the C and 
Fortran interface). For example, what used to be called cm:+ in the Lisp interface is now 
called CM:s-add-2-1L in the Lisp interface and CM..s..add.2_1L in the C and Fortran interface. 

All names have been limited to thirty characters. 
The new names have been chosen so as to allow the old and the new names to coexist. 

A.2 New capitalization conventions accommodate C and Fortran 

The prefix "CM" is consistently capitalized, as is the trailing "L" in length specifiers; all 
other letters are lower case. 

Capitalization matters in the C interface. It does not matter in the Lisp or Fortran 
interface, but for expository consistency this document follows the capitalization conventions 
even in presenting Lisp code. 
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Appendiz A. Changes from Version 4.3 Paris 

A.3 Optional arguments have been eliminated 

The Lisp language supports optional arguments, but C and Fortran do not. For the sake 
of uniformity, operands that were optional in the Lisp interface for Paris Version 4.3 have 
been made required arguments in the equivalent Paris Version 5.0 instructions. 

A.4 New naming conventions reflect new orthogonal attributes 

Many binary arithmetic operations now come in three-operand and two-operand forms, 
according to whether the destination address is explicitly specified separately or is implicitly 
the same as one source address. Similarly, many unary arithmetic operations now come in 
two-operand and one-operand forms. In many cases using the form with fewer operands 
provides a performance advantage; in a few cases the shorter form is provided merely for 
the sake of symmetry in the instruction set. 

Most Paris operations require one or more length arguments, indicating the lengths of 
various memory fields. In most cases the new operation names carry an explicit indication 
of the number oflength operands; this indication always comes last in the same, and consists 
of the number followed by a capital "L". Sometimes two operations are identical except for 
the number of length operands; for example, CM:s-add-3-3L takes three separate length 
specifiers, one for each memory field, whereas CM: s-add-3-1L takes a single length operand 
specifying the common length of the three memory fields. 

Single letters are used to indicate the type of data to be operated upon: 

s signed (two's-complement) integer 
u unsigned integer 
f floating-point 

A.5 More instructions have -constant forms 

In Version 4.3 not all arithmetic operations had "-constant" forms. In Paris Version 5.0 
many more arithmetic operations have "-constant" forms, making the instruction set much 
more symmetrical. 

A.6 Different instructions have -always forms 

A number of instructions with the word "always" in their names have been removed; one 
example is CM: logand-always. Such unconditional instructions were intended primarily for 
manipulating flag bits, expecially the context bit. They have been replaced by a series of 
special instructions for operating on the flags (see below). 

On the other hand, other unconditional operations have been introduced, especially for 
floating-point arithmetic. When floating-point hardware is in use, unconditional operations 
may be significantly faster than the correspondiong conditional versions. 
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Appendix A. Changes from Version 4.3 Paris 

A.7 Special instructions operate on the context and flag bits 

Paris Version 5.0 more distinctly separates the flag bits from ordinary memory operands. 
In Paris Version 4.3, for example, it was possible to use the instruction CM: logand on either 
a memory operand or a flag. In Version 5.0, CM: logand-2L and related instructions may 
operate only on memory operands; separate instructions such as CM: logand-overflow are 
provided to operate on the flags. 

All instructions that operate on the context flag are unconditional (despite not having 
"-always" in their names). All instructions that operate on other flag bits are conditional, 
except for CM: clear-all-flags-always. 

A.8 Irrational and transcendental functions are supported 

Ordinary and hyperbolic sine, cosine, and tangent functions are provided, as well as their 
inverses. The square root, exponential, power, and natural logarithm operations are also 
provided. 

A.9 New arithmetic operations have been added 

New operations include integer exponentiation and generation of pseudo-random floating­
point numbers. 

A.I0 Two-result operations have been eliminated 

The following operations have been eliminated from the Paris instruction set in Version 5.0: 

CM: floor-and-mod 
CM:ceiling-and-remainder 
CM: truncate-and-rem 
CM: round-and-remainder 
CM: unsigned-floor-and-mod 
CM: unsigned-ceiling-and-remainder 
CM: unsigned-truncate-and-rem 
CM: unsigned-round-and-remainder 

A.II Special compound floating-point operations improve performance 

Special instructions have been added to compute expressions of the form xy±z and (x±y)z, 
where y and z may each be a memory operand or a constant. Each such instruction is 
functionally equivalent to a two-instruction sequence containing a multiply and an add 
instruction, but provides improved performance. 

A.12 SEND operations no longer accept a time limit 

The optional time-limit operand has been removed from the send operations. 
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Appendiz A. Changes from Version 4.3 Paris 

A.13 Cube addresses are now called send addresses 

To emphasize that cube addresses really have little to do with the hypercube structure of 
the router, but rather function primarily as addresses used by the send instructions, the 
terminology send address has been introduced to replace the term cube address. 

A.14 Generalized NEWS operations support multidimensional grids 

Paris Version 4.3 supported a special two-dimensional communication structure called the 
NEWS grid. Paris Version 5.0 generalizes this (using special hardware on the Connection 
Machine Model 2) to any number of dimensions, including one dimension. The operations 
CM:get-from-north, CM:get-from-east, CM:get-from-west, and CM:get-from-south are replaced 
by a single operation CM: get-from-news. The direction in which to communicate is specified 
by an additional axis operand. 

A.1S SCAN and GLOBAL now permit new combining functions 

Paris Version 4.3 supported scan operations only for the combining operations max (signed, 
unsigned, and floating-point) and plus (signed and unsigned). A somewhat larger class of 
global operations were supported as well. 

Paris Version 5.0 rounds out this set of operations to support all the combining operations 
that may be used with the send operations: add, max, and min for signed, unsigned, and 
floating-point types; logand, logior, and logxor for bit strings. 

In addition, there are the scan-with-copy and scan-with-f-multiply operations. The opti­
mized operations global-u-max-s-intlen and global-u-max-u-intlen are equivalent to an appro­
priate integer-length operation followed by a global-u-max, but are faster. 

An entire set of new operations has been introduced to perform global computations on 
flags. 

A.16 SCAN operations may be applied along NEWS dimensions 

In Paris Version 5.0, all scan operations may be applied along a NEWS dimension; the effect 
is to do a separate scan operation on every row (or column, or whatever) of an array. 

A.17 SCAN operations may be partitioned 

In Paris Version 5.0, all scan operations allow the set of processors to be partitioned into 
groups of varying size as indicated by a segment bit or start bit (these two kinds of indicators 
have slightly different effects). 

A.1S SPREAD operations replicate data efficiently 

The new spread operations perform efficient replication of a subplane of a multidimensional 
array to fill the entire array. The operation spread-with-copy can take anyone column of 
a matrix, for example, and copy it into every column. Other versions of spread involve 
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combining operations. For example, spread-with-f-add can replace every element of a matrix 
with the sum of all elements in the same row; this is equivalent to performing a scan-with-f­
add to form the row sums in the last column, followed by a spread-with-copy (or a downward 
scan-with-copy) to copy that column back into the other columns, but is faster. For every 
scan instruction there is a corresponding spread instruction. 

The multispread variants allow spreading along several NEWS axes at once. 

A.19 REDUCE operations perform reductions efficiently 

If the result of a spread operation need not be replicated, but instead may usefully be placed 
into just one processor of the row or column, then a reduce operation is just the ticket. 

A.20 New array instructions allow faster indexing 

The new operations aref32 and aset32 allow an array to be stored within each virtual 
processor and accessed in much the same way as for aref and aset. The new operations store 
the data in a different manner ("slicewise")i data in such arrays should be accessed only 
through these special instructions or their equivalent. The advantage is that data stored in 
this special format can be stored and retrieved much more quickly. 

Further variants aref32-shared and aset32-shared allow not only fast access but also mem­
ory savings by letting many virtual processors share the same array. 

A.21 STORE operations have been eliminated 

The store operations, which were complex variants of send, have been eliminated. However, 
new operations that are a compound of of send and aset32 have been introduced; while 
these do not provide quite as large a variety of combining operations, they are significantly 
faster. 

Similarly, fetch has been replaced by get-aref32. 

A.22 Most version 4.3 operations have version 5.0 equivalents 

The following table lists all Paris Version 4.3 operations in alphabetical (or rather, ASCII) 

order, and gives the nearest equivalent in Version 5.0. In most cases the interface and 
functionality are identical except that the operation has a new name. 

cm:· 
cm:+ 
cm:+carry 
cm:+constant 
cm:+flags 

cm:­
cm:-borrow 
cm: -constant 
cm:/= 
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CM: s-multiply-2-1L 
CM: s-add-2-1L 
CM: s-add-carry-2-1L 
CM: s-add-constant-2-1L 
CM: s-add-flags-2-1L 

CM: s-subtract-2-1L 
CM: s-subtract-borrow-2-1L 
CM: s-sub tract-con stan t-2-1 L 
CM:s-ne-lL 
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em: /=eonstant 

em:< 
em:<= 
em: <=eonstant 
em: <eonstant 
em:= 

em:=eonstant 
em:> 
em:>= 
em: >=constant 
em:>eonstant 

em:abs 
em: add 
em:aref 
em:aset 
cm:attaeh 

cm:ceiling 
cm:ceiling-and-remainder 
em: ceiling-divide 
em:eold-boot 
cm:eompare 

em:cube-from-x-y 
cm:detaeh 
cm:enumerate 
cm:enumerate-and-eount 
cm:enumerate-for-rendezvous 

em:f* 
cm:f+ 
em:f­
cm:f/ 
cm:f/= 

cm:f< 
em:f<= 
em:f= 
cm:f> 
cm:f>= 

cm:fetch 
em: float 
cm:float-abs 
em: float-compare 
cm:float-float-signum 

em: float-max 
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CM: s-ne-constant-IL 

CM:s-lt-lL 
CM:s-le-lL 
CM: s-ie-constant-IL 
CM: s-it-constant-IL 
CM: s-eq-lL 

CM: s-eq-constant-IL 
CM:s-gt-lL 
CM:s-ge-lL 
CM: s-ge-constant-IL 
CM: s-gt-constant-IL 

CM: s-abs-2-1L 
CM: s-add-3-3L 
CM:aref-2L 
CM: aset-2L 
No change. 

CM: s-f-ceiling-2-2L 
(No direct equivalent.) 
CM: s-ceiling-3-3L 
No change. 
CM: s-compare-3-3L 

CM: deposit-news-coordinate-IL 
No change. 
CM: enumerate-IL 
(No direct equivalent.) 
(No direct equivalent.) 

CM: f-multiply-2-1L 
CM: f-add-2-1L 
CM: f-subtract-2-1L 
eM: f-divide-2-1L 
CM:f-ne-lL 

CM:f-lt-lL 
CM:f-le-lL 
CM:f-eq-lL 
CM:f-gt-lL 
CM:f-ge-lL 

CM: get-aref32-2L 
CM: f-s-float-2-2L 
CM:f-abs-2-1L 
CM: f-compare-3-2L 
CM: f-f-signum-2-1L 

CM: f-max-2-1L 
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em:float-max-sean 
em: float-min 
em:float-minusp 
em: float-move 

em:float-move-eonstant 
cm:float-move-decoded-eonstant 
em: float-negate 
cm:float-new-size 
em:float-plusp 

em: float-rank 
cm:float-read-array-by-eube-addresses 
em:float-read-array-by-news-addresses 
em:float-read-from-proeessor 
em: float-signum 

cm:float-sqrt 
cm:float-write-array-by-cube-addresses 
cm:float-write-array-by-news-addresses 
em:float-write-to-proeessor 
cm:float-zerop 

em: floor 
em:floor-and-mod 

-em:floor-divide 
cm:front-end-eube-from-x-y 
cm:front-end-gray-code-from-integer 

cm:front-end-integer-from-gray-eode 
em:front-end-x-from-eube 
em:front-end-y-from-cube 
em:get 
em:get-from-east 

em:get-from-east-always 
em:get-from-north 
cm:get-from-north-always 
cm:get-from-south 
cm:get-from-south-always 

cm:get-from-west 
cm:get-from-west-always 
cm:get-staek-limit 
cm:get-stack-pointer 
cm:get-stack-upper-bound 

em: global-add 
em: global-count 
cm:global-count-always 
cm:global-float-max 
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CM: scan-with-f-max-IL 
CM:f-min-2-1L 
CM:f-lt-zero-lL 
CM:f-move-lL 

CM: f-move-constant-IL 
CM: f-move-decoded-constant-IL 
CM: f-negate-2-1L 
CM:f-move-2L 
CM: f-gt-zero-IL 

CM:f-rank-2L 
(No direct equivalent.) 
CM:f-read-from-news-array-lL 
CM: f-read-from-processor-IL 
CM: s-f-signum-2-2L 

CM: f-sqrt-2-1L 
(N 0 direct equivalent.) 
CM: f-write-to-news-array-l L 
CM: f-write-to-processor-IL 
CM: f-eq-zero-IL 

CM: s-f-floor-2-2L 
(No direct equivalent.) 
CM: s-floor-3-3L 
CM: fe-deposit-news-coordinate 
C M: fe- to-gray-cod e 

CM: fe-from-gray-code 
CM: fe-extract-news-coordinate 
CM: fe-extract-news-coordinate 
CM:get-lL 
CM: get-from-n ews-l L 

CM: get-from-news-always-IL 
CM: get-from-news-IL 
CM: get-from-news-always-IL 
CM: get-from-n ews-l L 
CM: get-from-news-always-IL 

CM: get-from-news-IL 
CM: get-from-news-always-IL 
No change. 
No change. 
No change. 

CM: global-s-add-l L 
CM: global-count-bit 
CM: global-count-bit-always 
CM: global-f-max-IL 
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cm:global-float-min 

cm:global-logand 
cm:global-logand-always 
cm:global-logior 
cm:global-logior-always 
cm:global-max 

cm:global-min 
cm:global-unsigned-add 
cm:global-unsigned-max 
cm:global-unsigned-min 
cm:gray-code-from-integer 

cm:hardware-test-complete 
cm:hardware-test-fast 
cm:initialize-random-number-generator 
cm:integer-from-gray-code 
cm:integer-length 

cm:isqrt 
cm:latch-leds 
cm:latch-leds-always 
cm:logand 
cm:logand-always 

cm:logandc1 
cm:logandc1-always 
cm:logandc2 
cm:logandc2-always 
cm:logcount 

cm:logeqv 
cm:logeqv-always 
cm:logior 
cm:logior-always 
cm:lognand 

cm:lognand-always 
cm:lognor 
cm:lognor-always 
cm:lognot 
cm:lognot-always 

cm:logorc1 
cm:logorc1-always 
cm:logorc2 
cm:logorc2-always 
cm:logxor 

cm:logxor-always 
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CM: giobal-f-min-IL 

CM: giobal-iogand-IL 
(No direct equivalent.) 
CM: giobal-iogior-IL 
(No direct equivalent.) 
CM: global-s-max-IL 

CM: giobal~s-min-IL 
CM: giobal-u-add-IL 
CM: global-u-max-IL 
CM: giobal-u-min-IL 
CM: u-to-gray-code-2-1L 

No change. 
No change. 
The argument is no longer optional. 
CM: u-from-gray-code-2-1L 
CM: s-integer-length-2-2L 

CM: s-isqrt-2-1L 
No change. 
No change. 
CM: logand-2-1L 
(N 0 direct equivalent.) 

CM: logaridcl-2-1L 
(No direct equivalent.) 
CM: logandc2-2-1L 
(No direct equivalent.) 
CM: s-logcount-2-2L 

CM: logeqv-2-1L 
(N 0 direct equivalent.) 
CM:logior-2-1L 
(No direct equivalent.) 
CM: lognand-2-1L 

(No direct equivalent.) 
eM: lognor-2-1L 
(N 0 direct equivalent.) 
eM: lognot-2-1L 
(N 0 direct equivalent.) 

CM: logorcl-2-1L 
(No direct equivalent.) 
eM: logorc2-2-1L 
(No direct equivalent.) 
eM: logxor-2-1L 

(No direct equivalent.) 



cm:max 
cm:max-constant 
cm:max-sean 
cm:min 

em: min-constant 
cm:minusp 
cm:mod 
cm:move 
em: move-always 

cm:move-constant 
cm:move-constant-always 
cm:move-reversed 
cm:multiply 
cm:my-cube-address 

cm:my-x-address 
cm:my-y-address 
cm:negate 
cm:new-size 
cm:plus-scan 

cm:plusp 
em:pop-and-discard 
cm:power-up 
cm:processor-cons 
cm:push-space 

cm:rank 
cm:read-array-by-cube-addresses 
cm:read-array-by-news-addresses 
em:read-from-processor 
em: rem 

cm:reset-stack-pointer 
cm:round 
em:round-and-remainder 
cm:round-divide 
cm:send 

cm:send-with-add 
em:send-with-logand 
em:send-with-logior 
em:send-with-logxor 
cm:send-with-max 

cm:send-with-min 
em:send-with-overwrite 
em:send-with-unsigned-max 
cm:send-with-unsigned-min 
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CM: s-max-2-1L 
CM: s-max-constant-2-1 L 
CM: scan-with-s-max-IL 
CM: s-min-2-1L 

CM: s-min-constant-2-1L 
CM: s-It-zero-IL 
CM: s-mod-2-1L 

CM:s-move-lL 

CM: s-move-always-IL 

CM: s-move-constant-IL 
CM: s-move-constant-always-l L 

CM: move-reversed-IL 

CM: s-multiply-3-3L 
CM: my-send-address 

CM: my-news-coordinate-IL 

CM: my-news-coordinate-IL 

CM: s-negate-2-1L 
CM: s-move-2L 
CM: scan-with-s-add-IL 

CM: s-gt-zero-IL 

No change. 
No change. 
(No direct equivalent.) 
No change. 

CM: s-ran k-2L 

(No direct equivalent.) 
CM: s-read-from-news-array-IL 
CM: s-read-from-processor-IL 

CM:s-rem-2-1L 

No change. 
CM: s-f-rou nd-2-2L 

(No direct equivalent.) 
CM: s-round-3-3L 

CM: send-IL 

CM: send-with-s-add-IL 

CM: send-with-iogand-IL 
CM: send-with-iogior-IL 
CM: send-with-Iogxor-IL 

CM: send-with-s-max-IL 

CM: send-with-s-min-IL 

CM: send-with-overwrite-IL 

CM: send-with-u-max-IL 

CM: send-with-u-min-IL 
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cm:set-stack-limit 

cm:set-stack-pointer 
em:set-stack-upper-bound 
cm:set-system-leds-mode 
cm:shift 
cm:signum 

cm:store 
cm:store-with-add 
em:store-with-logand 
cm:store-with-logior 
cm:store-with-logxor 

cm:store-with-max 
cm:store-with-min 
cm:store-with-overwrite 
cm:store-with-unsigned-max 
cm:store-with-unsigned-min 

cm:subtraet 
em: truncate 
cm:truncate-and-rem 
cm:truncate-divide 
cm:u* 

cm:u+ 
cm:u+carry 
cm:u+constant 
cm:u+flags 
cm:u-

cm:u-borrow 
cm:u-constant 
cm:u/= 
cm:u/=constant 
cm:u< 

cm:u<= 
cm:u<=constant 
cm:u<constant 
cm:u= 
cm:u=constant 

cm:u> 
cm:u>= 
cm:u>=constant 
cm:u>constant 
cm:unsigned-add 

cm:unsigned-ceiling 

478 

No change. 

No change. 
No change. 
No change. 
eM: s-s-shift-3-3L 
eM: s-signum-2-2L 

eM: send-aset32-overwrite-2L 
CM: send-aset32-u-add-2L 
(No direct equivalent.) 
CM: send-aset32-logior-2L 
(No direct equivalent.) 

(No direct equivalent.) 
(No direct equivalent.) 
CM: send-aset32-overwrite-2L 
(No direct equivalent.) 
(No direct equivalent.) 

CM: s.subtract-3-3L 
CM: s-f-truncate-2-2L 
(No direct equivalent.) 
CM: s-truncate-3-3L 
CM: u-multiply-2-IL 

eM: u-add-2-1L 
eM: u-add-carry-2-1L 
CM: u-add-constant-2-1L 
CM: u-add-flags-2-1L 
eM: u-subtract-2-1L 

eM: u-subtract-borrow-2-1L 
CM: u-subtract-constant-2-IL 
CM: u-ne-IL 
CM: u-ne-constant-IL 
eM: u-It-IL 

CM:u-le-IL 
eM: u-Ie-constan toll 
eM: u-It-constant-IL 
CM: u-eq-lL 
CM: u-eq-constant-IL 

eM: u-gt-IL 
eM: u-ge-IL 
eM: u-ge-constant-IL 
eM: u-gt-constant-IL 
CM: u-add-3-3L 

CM: u-f-ceiling-2-2L 
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cm:unsigned-ceiling-and-remainder 
cm:unsigned-ceiling-divide 
em: unsigned-compare 
cm:unsigned-float 

cm:unsigned-floor 
cm:unsigned-floor-and-mod 
cm:unsigned-floor-divide 
cm:unsigned-integer-length 
cm:unsigned-isqrt 

cm:unsigned-logcount 
em: unsigned-max 
cm:unsigned-max-constant 
cm:unsigned-max-scan 
cm:unsigned-min 

cm:unsigned-min-constant 
cm:unsigned-mod 
em: unsigned-multiply 
cm:unsigned-negate 
cm:unsigned-new-size 

cm:unsigned-plus-scan 
cm:unsigned-plusp 
cm:unsigned-random 
cm:unsigned-rank 

cm:unsigned-read-array-by-cube-addresses 
cm:unsigned-read-array-by-news-addresses 

'cm:unsigned-read-from-processor 
em: unsigned-rem 
em: unsigned-round 

cm:unsigned-round-and-remainder 
em:unsigned-round-divide 
cm:unsigned-shift 
em: unsigned-subtract 
em: unsigned-truncate 

cm:unsigned-truncate-and-rem 
cm:unsigned-truncate-divide 
cm:unsigned-write-array-by-cube-addresses 
cm:unsigned-write-array-by-news-addresses 
cm:unsigned-write-to-proeessor 

cm:unsigned-zerop 
cm:warm-boot 
cm:write-array-by-eube-addresses 
cm:write-array-by-news-addresses 
cm:write-to-processor 
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(No direct equivalent.) 
CM: u-ceiling-3-3L 
CM: u-compare-3-3L 
CM: f-u-float-2-2L 

CM: u-f-floor-2-2L 

(No direct equivalent.) 
CM: u-floor-3-3L 

CM: u-integer-length-2-2L 

CM: u-isqrt-l-1L 

CM: u-logcount-2-2L 

CM:u-max-2-1L 

CM: u-max-constant-2-1 L 

CM: scan-with-u-max-IL 
CM: u-min-2-1L 

eM: u-min-constant-2-1L 

CM: u-mod-2-1L 

CM: u-multiply-3-3L 

CM: u-negate-2-1L 
CM: u-move-2-2L 

CM: scan-with-u-add-1L 

CM: u-gt-zero-1L 
CM: u-random-1L 

CM: u-rank-2L 

(No direct equivalent.) 
CM: u-read-from-news-array-1L 
CM: u-read-from-processor-1L 

CM: u-rem-2-1L 
CM: u-f-round-2-2L 

(No direct equivalent.) 
CM: u-rou nd-3-3L 
CM: u-s-shift-2-3L 

CM: u-subtract-3-3L 
CM: u-f-tru ncate-2-2L 

(No direct equivalent.) 
CM: u-truncate-3-3L 
(No direct equivalent.) 
CM: u-write-to-news-array-1L 
CM: u-write-to-processor-1L 

CM: u-eq-zero-1L 

No change. 
(N 0 direct equivalent.) 
CM: s-write-to-news-array-l L 
CM: s-write-to-processor-1L 
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cm:x-from-cube 
cm:y-from-cube 
cm:zerop 
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CM: extract-news-coordinate-IL 
CM: extract-news-coordinate-IL 
CM:s-eq-zero-lL 


