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Control signal i '
| ontrol signals <+ Modules consist of |nput and

Opcode |Input1 | ... [Inputn | Immed. output ports

| STA instruction segment

s Output ports are buffered
| Signal from output ports
| utpu
P y Input ports < Results can be held further in
1 v V output registers until the
.+ |\ _ | - execution of the next operation
;XMLE{/ Functional Unit is finished
Input selection i s s

4

% Data at an input port is
selected from a set of
connected output ports by a
MUX (DDR)

l QOutput ports l

Synchronous Transfer Architecture (STA)
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STA Architecture and Code Generation
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v RF v RF
S— S— D
FU b FU FU >
¢ [ |_ E |>i | |>I | | D E
D Output register >

RF-read¢ ¢

0 RISC concept O STA concept

Focus:

¢ To decide, the results should be transferred into general registers
or be held further in output registers

Problem:

¢ Phase-coupling problem specially for STA architecture
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Access of Results In STA

a=0x1
read b
c=a+bh

b is stored in general register r0

(i1)
(i2)
(i3)
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Original Instructions in MIR

=

v ¥ Cycle 1
FU 1 decoder.imm Ox1 (i1) FU 1 Cycle 1
decoder decoder <r]dﬂﬂﬂdﬁr|mm Ox1 {|1}
r‘. r‘ Tl e T e e T - r-)_—l r:‘_I
Cycle 2
<:::| sreg_r1.write reg1 decoder.imm
V) v W v
Register e e et s e e e s Register | sreg_r1.read reg0 (i2)
E—1 = —1 Cycle 3 T =
sreg rlreadreg? | |
] sreg_r2.read reg0 (i2)
A MY
le 4 FU salu 1 Cycle 2
FU salu 1 g b salu ycle
salul.add sreg_r1.do sreg_r2.dg salu1.add decoder.imm sreg_r1.do
B (i3) 1 [ 1 (i3)
VLIW scheduling by using Register Access VLIW scheduling by using DDR
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Phase-Coupling Problem in STA Cr) universivir
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Intermediate Representation

Machine description

~,

Instruction selection

1. varif/

~

.. 2. variant

“a

Register allocation

Instruction scheduling

\ 4

Register allocation

v

Instruction scheduling

Instruction scheduling

.

Assembly Code
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Scheduling & register allocation are separated

»  Register allocation is before scheduling

D)

Impossible to know whether DDR could be happened
All the results should be saved in registers

Poor performance and no STA feature is represented

D)

»  Scheduling is before register allocation
DDR is detected
FUs can not be used until results could be released

Reduction of instruction level parallelism
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Framework of Compiler Backend

Intermediate Representation

~,

Instruction selection

~
~

Machine Description

1. variant . 2. variant

‘A

Instruction scheduling

Register allocation

Instruction scheduling

Assembly Code

Traditional Compiler backend

Intermediate Representation

v
Register allocation ’
v
\ Instruction scheduling

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Q vodafone chair

Machine Description

~,

Instruction selection

Assembly Code

Integrated Compiler backend
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Fuzzy truth 4 U[0,1] represents the membership (u) in
vaguely defined sets

Fuzzy set: A={(u,u,(u))|uliU, i, (u)J[0,1}
Complement: A ={(u,(1- g, (u))) [udU}
Inference: M (U) = () N gl (u) = mind gz, (), e (W)} 0O, 0U

Composition: 4, (U) = 1, (u) O g (u) = max{ g2, (U), 45 (U)} L, tu
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P1: Truth of Fusion into Loops
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i2:1=0
int a= 6;
int i P T Wil A . Predecessor
Inti, C, 1; i . L -
. . : i3: a< 100 |, B: i1 1 «— R™
for(i=0; a<100; i++) ! ! _ very easily
: : i2 | 1
1 y 1
{ i 6:a=a-+i | = I3 105
- - A- i5:b=4 |, : ,
int b = 4; =i+ | i4 | 0.5
a=ati | | 5| 0
I 1 In LR:
— . ! ! i G
c=a-b; L I 16 | 0.5 easily
i7 | 0
} i7:c=a-b i8:d=9 _
. _ 8 O
intd =9; _ Others:
19 0 <= .
f=c*d; not easily
9:f=c*d
L, : observed loop
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The ratio of the path’s length of an instruction against the longest path in
the whole DAG is determined as the instruction’s B,

b=2 YT e a 0.25
B b | 0.25
c=za+b jaya|l2 ——=—=---— d . & __ _h____ _.__. P .
Level 3 — 5+ ¢ | 0 < notlongatall
d=-3
Level2 __________ A\ __ e l______ d | 075
e=7 f e | 075 <@ alittle long
f=d-e Levell ---8q---Rg - Y- o- L f 0.5
VAL
K=09 Level 0 o ___1 Ce________Jeo-M_____ h 0.75
- k 1 <= Vverylong
I=-k i | 075
'=h* i | 05
g=i+f _ g 0.25
=6 k has the longest path in the '
) whole DAG: 4 | | 025 <= notlong
m=1/g m 0
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P3: Truth of DDR 60 B

DRESDEN

Q vodafone chair

indirect DDR:
read a
read a read a oo o b c g
b=2
b=2 = o \ :
e=a+b ) ¢
c=0
! ; |
d=3 o h .
e=za+b P, 0
=5 b 0
=c+d ¢ 19 direct DDR:
g=cC q 0
h=e+f e 0
i = f 0.7 €= possibly read a . |
=9 g | o b=2
h 1 <—pr0bab|y e=-a+b $
| 0 f=5
; i
h=e+f
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a=1
. a 1
0t P4 ' b 1
c=a+b
o 0
d=-3 Level 4
e=7 d 0 < already scheduled
Level 3 e 1
f=d-e .
f 0 with unscheduled
h=0 Level 2
h 0 predecessor
k=9
Level 1 ---= k 0
j=-k
i=h* 0 G o
=t LevelO - -~ ¢ oy, predecessors are
g=i+f all scheduled
=6 g 0 |
| 1 without
m=1/g ol predecessors
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Ry =R n(ROR)n PR, =min(R,max(F,,R).R,) Py Py, Py, P, O[O,
1:a=6 2:1=0 Pl P2 P3 P4 Pd Pl PZ P3 P4 Pd
L\ | Coit1 1 0 11 1 1 1 0 00
LR i3:a<100 |,
i 2 1 1 0 11 2 1 1 0 0|0
: ' 305 1 0 0|0 305 1 0 0|0
siboa ||| 02" : . .
> aisied i4 05 23 0 0|0 i4 05 23 1 0|0
| 5 0 23 0 1|0 5 0 23 0 1|0
)T ! i6 05 23 0 00 i6 05 23 1 1|05
. _ i7 0 13 0 0|0 i7 0 13 0 0|0
i7zc=a-b i8:d=9
8 0 13 0 1|0 8 0 13 0 1|0
/ 9 0 0 0 0|0 9 0 0 0 0|0
9:f=c*d
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R, =R n(RUOR)nF,=min(R, max(k,, R),F,) P, P, Py, P, 0[0,1]
'1:a=6 2:1=0 Pl P2 P3 P4 Pd Pl PZ P3 P4 Pd
ST U i i1 1 1 0 00 1 1 1 0 00
PR i3:a<100 |,
: 21 1 0 o0]o0 2 1 1 0 00
: * 3 1 1 o0 o0]o0 3 1 1 0 oo
N L Bra=a+ti : . .
5: e © ia 1 23 0 o]0 4 1 23 0 00
| |
i 5 1 23 07 107 P i5 1 23 0 00
T ' 6 1 23 0 0|0 6 1 23 0 00
_ i7 1 13 1 0 |o0 i7 1 U3 1 1|1
i72c=a-b i8:d=9
8 1 13 0 1 |13 8 1 13 0 1|13
/ 9 1 0 0 0O 9 1 0 0 00
9:f=c*d
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Ry =R n(ROR)n PR, =min(F,max(F,,R,),R,) P, P, P, P, O[0,1]
a=6, |
il:a=6 | i2:i=0 P, P, P, P, |P, =0
F'R"' """"" : 7 1 1 0 o0/oO0 L
Saci™ i 2 1 1 0 o0]o0 It (a < 100)
| v : 3 1 1 0 0]o0 {
_ L Bra=a+ti : Fo==--=-=----=-
i5:b=4 | |— l 4 1 2/3 0 0|0 a=a+ti l
: i4:i=i+1 : :I=i+1 ,
: i 5 1 23 0 o0 | Lo
/_. 6 1 23 0 00 goto L1;
_ 7 1 13 0 00 }
i7.c=a-b i8:d=9 = TS
8 1 13 0 00 b=4 i
_ 'c=a-b; :
\ / 9 1 o0 1 1|1 e ,
- d=9; :
i9:f=c*d :f_:__c_’fgl_; _____ |

TU Dresden, Xiaoyan Jia Slide 15



. . TECHNISCHE
Register Allocation UNIVERSITAT

DRESDEN

Q vodafone chair

= Knapsack Algorithm :

sld a

b=5 \/

c=a+b

_ / -
e=-

f=c*d
e =-d
g=1 For e: output register : 0 write d
h=3 general-purpose register : write + read =1+ 1 =2
1=5
For f: outputregister : max(a,b)+c=2+1=3 —
P J (2.b) read d
general-purpose register :
f=c*d

max((max(a,b)+c), (write +read)) =2+1=3

General-purpose register is more free than FU decoder
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« Ad2.7% to 62.5% code size is reduced by using integrated
method in compared with the phaseseparated work

Code Size ( VLIW)

Integrated

Phase - separated

3000]

[

2500(] | m
2000
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1000
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0
/!//";
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=z Q -z 7z P o
2 0% 2 07 5 2 0% % %%
R 4 ) © b © &) o o &
% YR /{‘y ) ’)oé
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Experimental Results: Execution Time
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<  Comparison of the one by phase-separated method, the gain of
integrated backend is from 45.9% to 58.3%

Execution Time ( Cycles )

200000

160000

|
=

Integrated
Phase - separated

120000

80000

4000(
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Almost no addtional memory spill code are generated by using our
integrated compiler backend

Memory Spill Code

1400
L B Additional ( Integrated backend )
1200 O  Original (  Integrated backend )
L.— B Additional ( Phase - separated )
1000 [0 Original  ( Phase - separated )

800

600

400

200
0
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*

L)

L)

> The backend by using fuzzy control system and the based on ILP
have almost the same code performances

< But the code generation by using fuzzy needs much shorter
compilation time. For the previously mentioned testbenches, it
takes only 1 second to about 20 minutes to generate code

L)

TU Dresden, Xiaoyan Jia Slide 20



Conclution 60 iR

DRESDEN

Q vodafone chair

< Comparison of the traditional phase-seperated compiler backend

L)

= Take advantage of the STA features more efficiently

= Generate assembly code with much better performance

= Reduce memory spill codes greatly

= Results much lower processor hardware power consumption

4

L)

» Comparison of the Integer Linear Programming
= Not so difficult to implement
=  Much shorter compilation time than ILP
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Thank you for your attention!
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