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Preliminaries: 

This document standardizes the MIPS instruction set extension implemented in XUM. This 
instruction set extension is designed for the purpose of controlling XUM’s network-on-chip 
(NoC) communication architecture and for implementing message passing primitives. 

Throughout this document, the term “user network” refers to XUM’s 2-D mesh NoC. The 
network is designed for explicit transfer of small to large sized packets of data. It is a 2-byte 
wide data path and supports multiple clock domains. 

The term “acknowledge network” refers to XUM’s lightweight interconnect for low-latency 
signaling. It is designed for fast multi-casting of single bytes of information. 

For definitions of endpoints, packets classes, and other terms, please refer to the 
documentation on the MCAPI transport layer. 

 

BCAST: Broadcast 

Instruction format: 

Op: 011111 RS unused Function: 00000000001 

31  26   25  21   20       11   10               0 

Description: 

Forms a 9-bit message and broadcasts it on the acknowledge network. There is no reflection, so the 
sender does not see the broadcasted message. Messages are formatted as follows: 

[ 1, RS[15:0] ] 

Unlike packets sent on the user network, there is no association between subsequent messages on the 
acknowledge network. It is designed for the implementation of parallel algorithms that need to quickly 
synchronize and/or share small pieces of data. 

 

 

 

 

 



GETID : Get core identifier 

Instruction format: 

Op: 011101 unused RD Function: 00000000000 

31  26   25       16   15  11   10               0 

Description: 

Gets a hardcoded constant that serves as a processor core/tile identifier and stores it in register RD. This 
instruction is necessary for determining which core is executing the given code. 

 

GETFL : Get operational flag 

Instruction format: 

Op: 011110 unused RT Immediate 

31  26   25  21   20    16   15                    0 

Description: 

Gets the value of an operational flag specified by the immediate field and stores it in register 
RT. Values of operational flags are either 1 or 0 to indicate various error or buffer status 
conditions. The available flags are as follows: 

Flag: Address: Description (if == 1 then): 

headF 0 A head flit is available 

dataF 1 A data flit is available 

netBusyF 5 The send buffer is full 

recvIdleF 7 Recevier is idle (in between packets) 

ackF 8 An acknowledge message is available 
 

 

RECACK : Receive acknowledge 

Instruction format: 

Op: 011111 unused RD Function:00000010000 

31  26   25       16  15        11 10               0 

Description: 

Removes an 8-bit acknowledge message from the receive queue and stores it in the low order 8-bits of 
register RD. 

 



 

RECHD : Receive header 

Instruction format: 

Op: 010101 unused RD Function: 00000000000 

31  26   25       16   15  11   10               0 

Description: 

Removes a 16-bit header from the receive queue and stores it in register RD. This can then be used by 
the receiver to determine the packet class and the sender. Note that the RECHD and RECW instructions 
do exactly the same thing. They are given different names to follow the convention of the instruction set 
and to assist the programmer in forming a logical association of the received data. 

 

RECW : Receive word 

Instruction format: 

Op: 010101 unused RD Function: 00000000000 

31  26   25       16   15  11   10               0 

Description: 

Removes 2-bytes of data from the receive queue and stores it in register RD. The received data forms 
the body of a packet. Note that the RECHD and RECW instructions do exactly the same thing. They are 
given different names to follow the convention of the instruction set and to assist the programmer in 
forming a logical association of the received data. 

 

RECW .C: Receive word conditional 

Instruction format: 

Op: 010101 RS unused RD Function: 00000000001 

31  26   25     21   20 16   15  11   10               0 

Description: 

Conditionally removes 2-bytes of data from the receive queue and store it in register RD. If there is no 
data in the queue or if a tail has been seen then the value of RS is returned and stored in RD. This is to 
indicate that the receive operation failed, thus the value of RS should be some error constant. The error 
constant should be chosen such that the received data can never have the same value. Otherwise, a 
value could be correctly received but interpreted as a failure. A subsequent GETF operation may be used 
to determine the exact cause of a failure. 

 



 

SNDACK : Send acknowledge 

Instruction format: 

Op: 011111 RS RT Function: 0000000000000000 

31  26   25  21   20  16   15                 0 

Description: 

Forms an 9-bit acknowledgment message and buffers it on the send queue of the acknowledge network. 
This is a self contained, point-to-point message where the destination endpoint is specified by RS and 
the source endpoint is specified by RT. This message has the following form: 

[ 0, RS[3:0], RT[3:0] ] 

 

SNDHD : Send header 

Instruction format: 

Op: 010100 RS RT RD Function 

31  26   25  21   20  16   15  11   10               0 

Description: 

Forms a 2 byte wide packet header and buffers it on the send queue for transmission on the user 
network.  Headers are formatted as follows: 

[ 1, RS[4:0], 000, Funct[2:0], RT[4:0] ] 

RS specifies the destination endpoint, RT specifies the sending endpoint, and Funct specifies the packet 
class.  The result of the operation is stored in register RD. If the send was successful then RD will be 0. 
Otherwise, RD will be 1. This could be due to the send buffer being full. If this happens, back off and give 
the network time to consume packets. Then try again. 

Variations: 

Several variations of this instruction are available to specify the packet class. They are as follows: 

Instruction: Function: Description: 

Sndhd.b 0 Buffer packet class 

Sndhd.p 1 Packet channel class 

Sndhd.s 2 Scalar channel short class 

Sndhd.i 3 Scalar channel integer class 

Sndhd.l 4 Scalar channel long class 

 

 



 

SNDW : Send word 

Instruction format: 

Op: 0 10110 RS unused RD Function: 00000000000 

31  26   25  21   20  16   15  11   10               0 

Description: 

Forms a 2-byte body flit and buffers it on the send queue. A SNDW must be preceded by a SNDHD 
operation. If this does not happen then the body flit will be dropped by the network. Body flits are 
formatted as follows: 

[ 0, RS[15:0] ] 

An arbitrary number of SNDW instructions may execute following a SNDHD. However, this sequence 
must be followed by a SNDTL operation in order to release the network resources being reserved for this 
message sequence. The result of the operation is stored in register RD. If the send was successful then 
RD will be 0. Otherwise, RD will be 1. This could be due to the send buffer being full. If this happens, 
back off and give the network time to consume packets. Then try again. 

 

SNDTL : Send tail 

Instruction format: 

Op: 0 11100 unused RD Function: 00000000000 

31  26   25       16   15  11   10               0 

Description: 

Forms a 2-byte tail flit and buffers it on the send queue. A SNDTL must be preceded by a SNDHD 
operation. If this does not happen then the tail flit will be dropped by the network. Tail flits are 
formatted as follows: 

[ 1000001000000000 ] 

A SNDTL is used to release network resources that are reserved for a message sequence by a SNDHD. 
The result of the operation is stored in register RD. If the send was successful then RD will be 0. 
Otherwise, RD will be 1. This could be due to the send buffer being full. If this happens, back off and give 
the network time to consume packets. Then try again. 

 


