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Abstract: Most of multimedia processors for 2D/3D
graphics acceleration use a lot of integer/floating point
arithmetic units. We present a new architecture with an
efficient ALU, built in a smaller chip size. It reduces
instruction cycles significantly based on a foundation of
multi-thread operation, variable length instruction words,
dual phase operation, and phase instruction’s coordination.
We can decrease the number of instruction cycles up to
50%, and can achieve twice better performance.

1. Introduction

For high performance of the multimedia software or the
other API’s work, we need a processor on the most popular
architectures of SIMD! and VLIW®(Very Long
Instruction Words) domain. These processors have many
integer/floating point ALUs and special functions
(reciprocal, reciprocal square root...). They use many
micro-operation bit-fields on instruction to process them
concurrently. But too long instruction may cause a waste of
instruction memory size.

We are applying new architectures on a next generation
processor. One of them is a multi-thread operation. It

doesn’t need to handle with branch, data and control hazard.

Because the term between of an instruction and a next
instruction is long enough to ignore stalls caused with
instruction dependence.

The other ways are reducing the wasteful instruction size
and make fragmentations of VLIW instruction to VL-IW
(Variable Length Instruction Words) architecture for
effective phase instruction operation and cooperation. A
dual phase operation leads to efficient use of ALUs and to
shorter instruction cycles with phase cooperation.

New architectures are implemented based on shader model
3.0 for 3D acceleration. The shader”®! model 3.0 is a part of
Micro-soft’s DirectX 9.0 API™. It can accelerate the
OpenVG API for 2D vector graphics. The new architectures
can be applicable to 2D or 3D graphics.

2. The Proposed Architecture

2.1 Multi-thread processing

Multi-thread is a technique to improve the processor’s
performance with minimum resources.
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Fig. 1. Multi-thread Processing

Fig. 1 shows the simple round-robin multi-thread
execution. A processor can get rid of the dependency
between instructions in this way, so it eliminates data or
branch hazard. A handling module for the hazard stall cases
is removed, but thread status registers are required for
additional thread counts. If the processor has enough
threads, processor pipelines can be extended to improve
operation speed without data/branch hazards, because
multi-thread can loose the instruction’s dependency that can
be ignored.

2.2 VL-IW(Variable Instruction
Architecture

Length Words)

VLIW have a micro-operation implementation structure,
which consists of micro-operations with long instruction
length to control the arithmetic/control unit on SIMD.
VLIW’s instruction includes many micro-operations, and it
has a fixed long length. Although just a few micro-
operations are needed, full instruction length must be used.
It wastes too many instruction fields. So instruction format
must be reconfigured based on the execution frequency of
micro-operations.
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Fig. 2. SIMD(Single Instruction Multiful Data) architecture

Fig. 2 shows SIMD architecture that represents recent API
shader model 3.0. For the architecture, many registers and
instruction bit-fields are needed to indicate register groups
clearly. In our previous research, we designed the
instruction field for this architecture. Minimum 64 bit
instruction fields were needed for shader model 1.0, and
102 bit instruction fields were needed for shader model 3.0.
But most instruction fields are used very rarely. It is too
wasteful to apply on the media processor.

1 Instruction Fragment: N don’t care
2 Instruction Fi :[0] » Fragment[1] ) Fragment|
3 Instruction F |O: ) Fragmemlo: 1 Fragmenllﬂllnstmcﬂon Fragmentl
4 Instruction Fi |0: 1 Fragmemlo: 1 Fragmenllolmstmcmon Fragmelenstrumion Fragmeml

Fig. 3. End bit - VL-IW(Variable Length Instruction Words)

To resolve the waste problem of instruction fields, we
divide the instruction format to maximum 4 small
structured 32 bit instruction fragments. Each instruction
fragment has one micro-operation field, one destination and
one source operand field. We can construct thousands of
instruction fragment combinations by defining multiplex
micro-operations and sources. Fig. 3 shows combination
methods with an end bit of instruction fragment’s MSB. All
combined instruction fragments can be executed
concurrently.

2.3 Dual Phase Architecture

Another issue of SIMD is a waste of various registers
groups. If you see the API at first glance, it should be
drawn a line between many registers groups.
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Fig. 4 shows how registers groups can be simplified on
example DirectX 9.0 API’s shader model 3.0 architecture.

As shown in Fig. 2, it is configured for API’s registers
requirements, but too many hardware resources are used to
fit for API’s requirements. Ironically it simply can be
solved as against that. The solution is having only one
registers group.
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Fig. 5. Simple SIMD architecture

Fig. 5 shows that all registers groups merge to single
GPRs(General Purpose Registers). In this way, the
processor can be simpler than a full API supported
processor. But it is restricted to the usage of a single
register. The restriction of registers utilization can’t support
the API’s requirements, or many macro instructions could
be needed to implement each API domain’s instructions.
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Fig. 6. Cooperated SIMD architecture

g

We must find the way to solve the side effect of simplified
GPRs structure. We can imagine simply two processors
with GPRs as shown in Fig. 6. Let assume that one
processor can coordinate source operands of the other
processor. With this, it will enlarge registers’ scalability
and more complex registers operations can be performed
even though processor has just one GPR. But it requires
twice chip size. So a unification process of two processors
is needed for the overlapped hardware modules.
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_ ) phase #1 instruction can coordinate by phase #0 instruction.
Fig. 7 shows the exclusion of the overlapped modules. Therefore, phase #l instruction can handle complex

Two processors’ architecture is merged to share one  operations, such as a branch or memory operations, without
registers module and ALUs from Fig. 6. We called it ‘dual any modules to support these operations.

phase architecture’.
2.4 Combination of instruction fragments
Single pipeline

mul 10, c3,10 Instructions can be combined with maximum 4 instruction

fragments. They can perform thousands of operations.
Since each phase is shared to maximize the efficiency of
ALU, there are exclusive paring rules as shown in Fig. 11.

add r1.xy, r0.xy, r0.zw

mul r0, c2,i0

add r1.zw, r0.xxxy, r0.xxzw
add 00.zw, r1.xxzx, r1.xxwy
mul r0, c1,i0

add r1.xy, r0.xy, r0.zw

mul r0, 0, i0

Phase #0 Phase #1
add r1.zw, r0.xxxy, r0.xxzw ( mul abo (o) 2dd def )
dd 0.xy, r1.zx, r1.
?0 . Ot_xy e ( mul abc, rcpw cy (0) add def, rsqw e.x )
nsiructons (mul.x abc,add.yz bc (0) add.xw def mulyzw ef )
o (add.xyz abc (X) add.xdef )
Dual phase pipeline Cropxab ) Topyde )
Mul 10, ¢3, i0 x[x]x]x ( mov ab (0) mov de )
Mul r0,c2,i0 add r1.xy, rO.xy, r0.zw XX X[x]|+]|+ ( Branch 100 (X) Branch 200 )
Mul r0,c1,i0 add r1.zw, rO.xxxy, rOxxzw add riw, rix,riy | X [ X[ X|X |+ |+ ]|+ ( mulaba (X) Indirect(1) ax,adddef )
Mul r0, c0,i0 add r1.xy, rO.xy, r0.zw add rz,rizrMw [ X[X|X|X]|+]|+ ]|+ ¢
add r0.zw, rO.xxxy, rO.xxzw add rly, rix rly 0 5 1
add rly, 10z O.w [+] T 2 . T T
6 instructions H Phase #0 i Coordinate | Phase #1 :
. o L : Input H ; Input :
Fig. 8. ALU utilization of Dual phase pipeline : P . : P :
. .
: : Common ALUs } Branch / Memory :
' '
. . H H '
Fig. 8 shows an example of dual phase operation’s : Phase #0 ! : Phase #1 :
. . . . . [] .
efficiency through the matrix operation. Output ' Output H
. " \~ --------------------- "
[A[o]_Prase #0 nst_] Phase #0 operation Phase #1 operation
: Allow none conflict using arithmetic unit
[o]o] Phase #0 inst. ] [1]0] Phase #0 Inst. | - X component adder conflict
¢ T, , :Specia?function is 1 scalar unit
types | [O1] Phase #1 inst._ | [I]1]_Phase #1 inst_| : : . .
[oJo] Phase #0 inst. ] [0]0] Phase #0 Inst. | [1]1] Phase #1 Inst. | * All phase allow dUpI'Catefj move instruction
[OJo] Phase #0 nst._] [O]T]_Phase #1 inst._] [A]1]_Phase #1 inst._] : Branch & memory operat_lon can process only at phase #1
[O]o] _Prase 7o mst_| [O[0] Prase #0 nst_| [O1]_Prase #1 nst__] [O[1]_Phase #1nst_] : Some coordinate instructions must be placed at phase #0

Fig. 11. Exclusive pairing rules
Fig. 9. Phase bit - Dual phase architecture & xelusivep &
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For example, the use of same arithmetic units on the same
component at each phase is prohibited. The other cases of
branch or memory instruction fragments can be performed
only on phase #1.

Y 128 bit VL-IW (Variable Length - Instruction Words) |
32 bits

[E[P[Opcode[ Operand | [E[P[Opcode[ Operand | [E[P[Opcode] Operand | [E[P][Opcode] Operand |

e 2 phase operation
e maximum 4 sources
e maximum 2 write back

Ex1) MUL_sat A, B, A

[o[wusA] B ]

Ex2)ADD A, B, C

[oJoJADDAT Bo | [1Jo] - ] Co ]

Ex 3) ADD A, B[Dw], C

[oJo[ ADDRT Dws | [o[1[ADDA] B« [\ - [ Co |

Ex 4) ADD_predicate(E) A, B, C[D.w]

[oJoJrrREDZ] E ] [o]o] ADDR] Dwe | [6[1[ADDA] Bo |[11] - [ Co |
Ex 5) MUL A.xzw, B.xzw, C.xzw MOV Ay C.y ADD.xyzD,E,F ~ RCPDwF.w
[[O[MULA] 8 ] [o[o[ MoV, | G ] [P[{[AbbD] E» ] [ ReP.] Fo ]

Fig. 12. Arithmetic operation with dual phase VL-IW

Fig. 12 shows some examples how the proposed
architecture uses ALUs efficiently. Example 1&2 present
that it makes shorter implementations of general arithmetic
operation with small instruction fragments. Example 3&4
present complex arithmetic operations coordinated by phase
#0 instruction. Example 5 shows many arithmetic
operations can be performed concurrently.

Ex 1) BL {PC+120}

20

:PC=PC+120 ; Normal branch

Ex2) MULA,B,C ADDD,E, F ; dual arithmetic

[oJ[oJmuLA] Bo J[o]o] - [ co ][o[1iJaDDD] Eo J[M1] - [ Fo |
Ex 3-a) ADD_predicate(E) A, B, C[D.w] ; predicated & indirect arithmetic
[oJoJPREDZ] E ] [0]o] ADDR] Dw:, | [O[1[ADDA] Bo J[1J1] - [ Co |

Ex 3-b) if(A.x<0) BL {B.x+120} 1 if(A.x<0) PC=B.x + 120 ; Conditional branch
[oJo]PREDN[ Axo | [0J0] ADDR] Buxe |[1[1[ BLD [ 120 ]

Ex 4-a) CALL 85 :A={Axyz, PC},PC=85 ; Call the function
[o]o[movaye] Axyze | [0[0]MVSAX] PCw |[1[{[ BLD | 85 |

Ex 4-b) RETURN :Axyz = Ayzw, PC = A.x ; Return to the previous routine
[o]o] wovaxz] Ayzwa | [0]Jo] ADDR] Ax J[1[{] BLD ] o |

Ex 5) for(i=0;i<100;i++){...} :Ax=0,Ay=1,Az=100 ;Loop

[oJo[emPBx] Axe | [0]0] [ Azo |[1[1]aoDAX] Aye |

[o]o[prepce] Bxo | [1[1] BLR ] 41 |

..... «; 40 unit instructions loop routine

Fig. 13. Branch and looping operation with dual phase VL-IW

Fig. 13 shows examples of indirect branch, nested branch,
comparison branch, and looping functions with minimized
instruction counts. Among the above functions, all branch
instructions can be performed with one instruction.

3. Conclusion

We present a new architecture for using efficient ALUs
with dual phase variable length instruction method. With
the multi-thread dual phase architecture, we can decrease
the instruction implementation cycles length up to 50% |,
and the performance is minimum 200% better than a
generic SIMD architecture as shown in Fig. 14.

Fig. 14 shows the performance comparison of generic
SIMD, multi-thread, and multi-thread with dual phase
architecture, using some functions and branch operations on
the 2D and 3D graphics accelerated processor.
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Fig. 14. Architectures’ performance comparision

We can conclude that the multi-thread with dual phase
operation and variable length instruction words architecture
is suitable to sensitive processors for efficient use of ALUs.
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