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Background & Introduction (1/3) 

 
• FIFO for temporary results have drawn the attention 

of computer architects.  
 
 
• In 1981 the concept of a simple machine based on 

Queue was reported.  
 
 
• University of Edinburgh in 1998 investigated the 

usage of queue register file for VLIW machines. 
 



Background & Introduction (2/3) 

 

 
• Carnegie Melon University reported in 2002 the 

usage of a simple queue machine for dynamic 
compilation of SW  to HW 

 
• No one of these researches investigated real model or 

architecture based on Queue  
 
 
• In his Ph.D. (1999), Abderazek proposed a novel 

Queue  processor model based on circular Queue-
register.  

 
 



Background & Introduction (3/3) 

• I present a model, architecture and design of a novel Produced 
order Queue processor (QueueCore) 

 

• The Queue model has:   

– High natural ILP  Grouped ILP 

– Simple hardware   no aggressive hardware techniques  

– Implicit references  reduced-bit instruction  small program size 

– Single assignment rule  no false dependencies  no register reaming 

 

• The QueueCore is targeted for:  

– Applications constrained in:  

 Memory (16-bit on 32 data path) 

 Area (no RR, no aggressive ILP extraction) 

 Power consumption  1,2 

 



First-In First-Out data structure (queue) 

• Elements are inserted (enqueued) at the rear (tail) of 

the queue, or QT. 

• Elements are taken (dequeued) at the head of the 

queue, or QH. 
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• Elements are inserted (enqueued) at the rear (tail) of 

the queue, or QT. 

• Elements are taken (dequeued) at the head of the 

queue, or QH. 
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QEM Instruction Generation 

• Queue Execution model instruction can be obtained by 
traversing a parse tree in LOST scheme. 

 

• The arithmetic operations are the internal nodes  

 

• The fetch operations are the leaf nodes   

 

• We proved [1,2] that QEM can be used to evaluate any arbitrary 
tree 

 

• QEM Inst. Sequence can be derived correctly from the parse 
three 

1. B. A. Abderazek, Kirilka Nikolova, and M. Sowa. On a Practical Queue Execution Model, Proc. of the Int.   

    Conf. on Circuits and Systems, Computers and Communications ICSCC01, pp.939-944, July 2001.  

2. B. A. Abderazek, M.  Sarem., and M. Sowa, Acyclic DFG on a Queue Machine, ICJSPP03, pp.119-120, 20003 
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Queue Model  
Hardware Parameters Estimation 

B. A. Abderazek, M. Arsenji, S. Shigeta, T. Yoshinaga, M. Sowa, Queue Processor for Novel Queue Computing Paradigm Based on 

Produced Order Scheme, IEEE computer Society, Int. Conf. On of High Performance Computing . pp. 169-177, July 2004.  

In average, produced order based processor performs better.  



Queue Model  
 Hardware Parameters Estimation 

B. A. Abderazek, M. Arsenji, S. Shigeta, T. Yoshinaga, M. Sowa, Queue Processor for Novel Queue Computing Paradigm Based on 

Produced Order Scheme, IEEE computer Society, Int. Conf. On of High Performance Computing . pp. 169-177, uly 2004.  

In average, produced order based processor performs better.  

In average, PO based computing performs better.  

Preliminary hardware design parameters were selected 



Produced Order Queue Model 



QueueCore architecture  
Instruction set architecture  

ALU 

16–bit  

Width  



• B. A. Abderazek, S. Shigeta, Y. Tsutomu and S. Masahiro, Reduced Bit-Width  Instruction Set Architecture for 

Q-mode, Execution, IPSJ Arch. Conf. pp. 19-23, June 2003 
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Instruction set architecture: Offset/Disp. extension  
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QueueCore architecture  
Data path   
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Data path  



QueueCore architecture  
Circular Queue Register Entries  

QH, QT, LQH and QREG entries 
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QueueCore architecture  
QREG pointers manipulations  

Initial 

 state 

Final 

 state 



The  Concatenate the value in the CVP with the displacement value 

QueueCore architecture  
Offset extension scheme  
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QH1 QT1

CNBR
++

PNBR

QH0 QT0

CNBR
++

PNBR

QHn+1

QTn+1

PNBR  :number of produced data
CNBR :number of consumed data
QH0   :initial queue head value
QT0   :initial queue tail value
NQH  : next queue head value
NQT  : next queue teail value
QHn+1:next queue head value
QTn+1: next queue tail value

NQT

NQH

Next QH and QT values calculation 

D 

 

 

 

 

 

 

 

QueueCore architecture  
Queue Computation   



OFFSET(n) +

SRS2n

SRC1n

DESTn

QTn

OFFSET: positive/negative integer value that indiactes
the location of SRC2(n-1) from the QH(n-1)
QTn      : queue tail value of instruction n
DESTn : destination location of instruction n
SRC1(n-1): source data 1 of instruction (n-1)
SRC2(n-1): source data 2 of instruction (n-1)

QHn
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SRS2(n-1)

SRC1(n-1)

DEST(n-1)

QTn-1

QHn-1

Source 1 and Source 2 address calculations 
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QueueCore architecture  
Queue computation - example   



QueueCore architecture  
Instructions Issue    
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Queue 

Register 

Critical path  

Inst. Flow 

QREG Status 
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QREG before interrupt  

QREG at interrupt   

QueueCore architecture  
Interrupt handling   



Interrupt Queue allocation 

ret from interrupt  

QueueCore architecture  
Interrupt handling   



e arlie r an alytical pf  Q u e u e C ore  m ode l
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RT L
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Layout- level des ign m odel
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te s t  cas e s

des ign rules

de s ign  ru le

ch e ck  an d

validate

c irc u it  s im

e xtra c t
e dit /de bu g/tu n e

(A rc h ite c tu ra l)
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Edit /
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Edit/
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QueueCore design  
Methodology 

B1 B2 Bn-1 Bn

data path

Modular Design Methodology 

Decentralized control 

Finite state machine transition for QC-2 pipeline synchronization. 

 



QueueCore design   
Hardware configuration and tools  



QueueCore design   
Verification and Debugging 



QueueCore design   
Synthesis results 



Resource usage for 256*33 QREG file 

QueueCore design   
Performance results  

Achievable Frequency (Nominal Frequency rating)   

Comparison with synthesizable cores 


