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ABSTRACT

Due to task divergence in most embedded systems, heterogeneous dual-core/multi-core SoC, i.e.
RISC + DSP, is accepted as a cost-effective solution for the increasing computation demands in mobile
media applications. TI OMAP, for example, is one popular dual-core platform, where the DSP, as the
slave, performs the computation intensive task sent and requested by the host processor (i.e. RISC).
However, the low DSP utilization problem'may arise. For typical applications, the DSP utilization will
be about 50~60%. We can generally attribute the low utilization problem to three causes: (1) pipeline
stalls for instruction latency; (2) limits-on instruction-level patallelism (ILP); and (3) communication
overhead, including the inter-processor communication (IPC) and process/thread/task management.

For delivering high performance beyond single thread ILP, modern DSPs are multi-core or
multithreaded processors. On thread-level parallelism, the problems of inefficient synchronization,
data movement, and thread management between RISC and DSP definitely degrade the system
performance. Consequently, the peak and the delivered performance gap increases. In this thesis, a
priority-based, multithreaded coprocessor interface for dual-core/multi-core multimedia SoC is
proposed to address the aforementioned problem. In order to hide both short and long stalls, the DSP
core is designed by 8-thread IMT core. Threads are interleaving executed in a cycle-by-cycle fashion.
With the proposed priority-based host-processor interface (HPI) to facilitate communication with the
host processor and the process/thread management, a high priority thread ready to execute without
stall will not be slow down. The simulation results show that for JPEG encoding example, with HPI,

the 8-thread IMT DSP utilization improves from 55% to 93% with only 6.25% chip area overhead.
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Page allocation

Data transfer

Enqueue process

'

SlotFree l—

1] 3-12 Input Process e ;" i 42

Output Process =47 ;% /A% | OQutput Process < £ p 0y 5 2 4vd

g
A

)
=\

FEROFH AL EREAL T Al BRR o s g
12 § ~ % De-allocate # Page - Output Process #4p ¥+ H @ Process #7% # %
Bl L REREE R T RN RS FRAAF o 2
#2.5% ek A2 4o B 3-13 #5757 o % Output Process #t4 /%F] DSP {5 » v £ %5 &

S AT F 3 R s R E =k De-allocate ¢t Page ; 2 {5 >
L hpe A% JILE o Page HiE LT3 8 503 8 P4 F- B Page
F] Output FIFO Queue: I # Mailbox % 2! Interrupt I i &JZ %> 2_ {5 2 & Output
Process ; F A el i L B Page 8 £ 8§ Bl r 0 2 G5 8L TR

CEE RS @ AT B - E LA #4 0 # PF Output Process i » & 35 @ @] >

¢

ERA

® ®p TR 1B
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Output process

Data transfer
is completed ?

Available
pages <8 ?

Page de-allocation Page allocation &
generate Inerrput

'

SlotFree

®] 3-130utput Process =147 3% jit 42

3.5 »

iy
s
ik

B Data Flow Process Network

7 448 & * ¥ 112 Data Flow Process Network % 45 it o # Process # 77 & & e o
@ #p & Process 2. A¥ cru& il Bld FIFO Channel % @i v ¥R 3|2 1 DSP }+ B>
DSP § # Process & & > @ FIFO Channel f|4]* DSP enFflic i kf 7 - &
- 1 Process ¢ 45 ¥ T A8 A > Process Management | * gt if L g A i 7
Process Scheduling - Dispatch ##+ ¥ - HPI i& * gt £ 4 % % & Process Management

1 iF o
B HPI Tables

HPI p #% = i Tables : Process List Table ~ Queue Table f Dispatch Table ° Process List
Table * % #; it Data Flow Process Network #7{7 5 ; Queue Table 3 % 77 % % Process
¢ Input FIFO Channel ; Dispatch Table B 324% 7 Process iFifk & 3 L 4r Process #% 3

ekt ~ Input Page f= Output Page e ¥ o
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Process 4 i eryin 42

Process 4 i% Jf % K = BiE* 1 (1) & DSP AL F & 5 A % ¢ Thread Slot ¥ 12 i
* (Available Thread Slot) ; (2)% /p & 7 — i Page % HE Y 2 eh % (Available

Output Page ) ; (3)& :F# — B i§ & 77 Process * 4 /% (Process Selection ) e
Rty EE ~

#- DSP chf s lit A = H 2+ /| i Page o et g L HE ~ ¥ # f 1 Allocation

£ De-allocation iz Page % — i# #7<77 Process # — i# % i <57 Process o
{7 ¥ eh Initialization #2 Termination

ip % el A &3 BIA (1) Initialization 425 3% 4 (2)38 B 425 384 - Initialization
A2 3R> en P et - HPI &0 DispatchiTable #7340 B » | H 44 (7 35 endf
FEM R 5d JR dp 4 RpEDEE B AR 0% o {7 K 0 Initialization {;ﬁ d

Dispatch Table 7 Thread Enable & B B #& % 5 2/ ki pF > HHRR FHEPCHE
et 1T M R oA A A d (T o 3 F‘ %% Termination EI'J%%'E’ e A E AR k(s - (T
Tihip 4 SlotFree kiE = » FHEFDeitdg s o BRFHAOAPC Ew {4 4z

¥ » ¥ ¥ HPI ¢ Dispatch Table 2. Thread Enable ¢ # % % # % % f& o

Synchronization 74 4| &_Mailbox ; & il /5 d F & % & 4% ¢h Share Memory k % 2 »

¥ Share Memory # # % FIFO Queue 375 5% » & 38 & &2 F L @ ﬁ*] E A - A2

f

7 ; /O Process % DSP } e— B 4238 » 2 & {4584 3 g d® B2 DSP w2 E 2. e

i o
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4 FEEHEES

AR - A 8 BT FIIMI DSP AUE B ¥ 8 £ A edy 9 eh HPL R T
ARM Versatile * & > 2 JPEG %fg = B * f2.3% 458 3 fa45/% : (1)Process Management
11 itd ARM %k id2 ; (2)Process Management 11 ifd DSP ka2 ; (3)Process

Management 11 i£d HPI & gg@o 4 w3t 8 & §- =™ DSP e * 5 k=5 HPI e ¥

4.1 DSP Ao & % 4

Bl 4-1 4 7 4% 917 HPL 4 IMT DSP #7.¢ « & HPL = & © HPI %1 AJ0 B sy
B - Beze AR 0 Aol R F i R %%-EJ FEpiznfeiid o 7§ HPI
T Command # p 3% ¢ 7 7 6 5 iy - (Function Units ) : 28 &% ~ e ot ¢ LHE ~
FSM 1 % = i HPITables - 28 L 318 > 6 ¢ 7 18 BRFHAHIMTDSP f1 ~4p 4 32
B e 7R e B 47 £ se 1B 5 32-bits 5 Width £ § 32K Bytes 4% 518 & £z 5% e B

Az R4k & 8-bits ~ 16-bits 14 2 32-bits e773 B~ > £ 3 32K Bytes ©
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Proposed HPI

CTRL —>
Addr[31:0] ——»
Din[31:0] —»
Dout[31:0] <—

Decoder

Process List

Interrupt  <€———
Queue Table FSM
Memory .
Management Dispatch Table

Computing
Engine

Share memory

Dual-port
DM
32K bytes

8 IMT
MIPS-like
Core

Single-port

[ 4-1 HPI & DSP 2. % 3. [§]

Bl 4-2 2 &7 eRUETHE AR > 3 LR %‘%’E’ AT xFOEREEEH

DSP © Command & ¥ 7 # se g oy 4 Fedi (3 B~ cnds 17 o ¥ ¢F HPT ok i 4775 %

£ A AT EL Rl

-4—32 bits———»

DM

IM

Command register

HPI status register

Bl 4-2 etk 1)

4.1.1 HPI et

HPI i & § & fHEsS 4ot T 3
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B e i3k 5% (Configuration Mode )

2 HPL e 4oyt » A BN T 3 AUR BT B B enie N~ 4 4 e fRdl e o

1

» #-Data Flow Process Network 71{7 5 & » 3| HPI 7 Process List Table » - d

=

£ ¥ 5 Command (HOST INITIAL) #-i¢ HPI i& » i # 5% -

B #4508 (Active Mode)

¥ HPLiE » 2 $s a8 pF o T @ 4 %1 725 IMT DSP i@ B o ot phan 4 el i

v

% HPI £ Process List Table $8 % it 4% £ #%

Reset

Configuration DSP_RCONFIG

Mode

HOST_INITIAL Active

Mode

B 4-3 HPI sk ik

B 4-3 257 HPL ek i ) e HPI ek e A A+ o 3 pd2 B % 55 d 4 240 Command

kfrdl o H A @ BAaT 0T i Command 40 d 4-1 917 1 oF A R IE BT i

HOST INITIAL #-# HPI :& » 3| 2 #4°5% 5 & 7 i DSP_RCONFIG #-i& HPI d 2 & #-

Fw P AR TR ML ARIEEY UEATE A ip % 75t M 2 Process List Table ; §

T i HPI MODE F¥ > HPI #-w % HPI 3R Ao ik o % 2 /a2 B3 7] 0 & > B HPI et

X EFN 5 F 1 EF s B HPI &t 2 # B3N o

— &

Zﬁ"r
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% 4-1 i g2 % v Command

Command Descriptions
HOST INITIAL Switch to active mode
DSP_RCONFIG Switch to configuration mode

Return “0” for configuration mode
HPI_MODE
Return “1” for active mode

412 44 24 % sfzz DSP AT ®

Bl 4-4 277 5 g2 8 BT HNIMT 28 - KRY 7> 5 8 2jpzh
PC 12 2 8 £ i@ * #77% B(General Purpose Register)s %% 8 B 7 ki * » & 245
BF ez 32 BEHSFTEYE B G EL 32bits 5 {7 B2 02 Round Robin 77 3¢

Cycle-by-Cycle *7 $% o

IF - =D EXE MEM WB

/A; 1

Thread
Selection »u
3

Bl 4-4 454 248 % 54z DSP
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413 454 &

DSP shfp 4 § 7 r A 2 = B3tA Rp !

® HEEN L CHEAADE L dode ~ F B EE o dodk 42957
& T ‘}E‘:}ﬁ % :Load/Store 45 % ; #% i Byte ~ Half Word f~ Word 73 B o 4o 4

43 st
& fE;iiiA2dn £ 0 4o Jump > Branch Equal ¥ o 4r# 4-4 #75%
Bl 4-5 % 7 dp 4 SfB ot
® Rtype TENFE FE3EFE ~ehifp 4
® Itype T&HNFR G218 ~ ety £ 11 2 16-bit ez TG EE
€& J-type Tk AN INARI L

< 6bit X 5Sbit=x%-5bit X 5bit X 5bit X 6bit >

R-type op rs rt rd | shamt -

< 6bit X 5bit X Sbit X 16bit >
[-type op IS rt offset/immediate
< 6bit X 26bit >
J-type op target address
< 6bit X 26bit >
trap op dorit care
Bl 4-5 dp % ¥ 3t
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042 BEERL

Instruction

(arithmetic) Syntax Semantics
addu addu rd, rs, rt rd=rs +rt
subu subu rd,rs, rt rd=rs—rt
addiu addiu rt, rs, imm rt=rs+imm
and and rd,rs,rt rd=rs &rt
or or rd, rs, rt rd=rs|rt
Xxor xor rd,rs,rt rd=rsrt
nor nor rd,rs,rt rd =~ (rs | rt)
andi andi rt, rs, imm rt=rs & imm
ori ori rt, rs, imm rt=rs|imm
xori XOri rt, rs, imm rt =rs *imm
sll sli rd, rt, shamt rd = rt<< shamt
srl srl rd, rt, shamt rd = rt >> shamt(logically)
sra sra rd, rt, shamt rd = rt >> shamt (arithmetically)
sllv sliv.  rd, rs, rt rd=rt<<rs
srlv srlv rd, rs, rt rd = rt >> rs (logically)
srav srav rd,rs,rt rd = rt >> rs (arithmetically)
slt slt rd, rs, rt rd =(rs <rt)? 1:0
sltu sltu  rd, rs, rt rd = (rs < rt (unsigned))? 1:0
slti slti rt, rs, imm rt = (rs <imm)? 1:0
rsbiu rsbiu rt, rs, imm rt=imm-rs
sle sle rd, rs, rt rd =(rs <=rt)? 1:0
sleu sleu rd,rs, rt rd = (rs <= rt (unsigned))? 1:0
slei slei rt, rs, imm rt = (rs <=imm)? 1:0
xmpy xmpy rd,rs, rt rd=rs*rt
la la rt, imm rt = imm (address pointer)
li li rt, imm rt =imm

36




43 TAREI

Instructions
(data access)

Syntax

Semantics

Ib Ib rt, offset(rs) rt = (sign_extend) MEM [rs + offset]
Ibu Ibu rt, offset(rs) rt = (zero_padding) MEM [rs + offset]
Ih Ih rt, offset(rs) rt = (sign_extend) MEM [rs + offset]
Ihu lhu rt, offset(rs) rt = (zero_padding) MEM [rs + offset]
Iw Iw rt, offset(rs) rt = MEM [rs + offset]

sb sb rt, offset(rs) MEM [rs + offset] = rt [7:0]

sh sh rt, offset(rs) MEM:[rs + offset]= rt[16:0]

Sw sw rt, offset(rs) MEM [rs + offset] = rt

% 4-4 J2 VU ARdp £

Instructions
(program flow)

Syntax

Semantics

beq beq rs, r, offset If (rs == rt) branch "offset" instructions
bne bne rs, rt, offset If (rs = rt) branch "offset" instructions

i i target jump to the "instruction" at target

. . jump to the instruction whose "address" is
jr jrrs : )

in register

il ial  target jump to the "instruction" at target and save
J J 9 "address" of the next in $ra
trap trap trap
nop nop nop

Itn It rt store the thread number in the register rt
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4.2 FPGA Prototyping

2L i #-or 4 ) i0 HPT &2 DSP 7 3 & ARM Versatile =H-F ~

ARM Versatile B k sengE gt Lo 27 @

B - LRI

Bus) & & o s\ -5k 30 DSP #-¢ 5§

#.4- LCD Controller ~

A

5 ]
3 RES 2 kS

4 AHB ® it

i

E

F[15] -

% oL 1o L
S5 S 7 Vs

B RERT

B 4-6 %7

ARM926EJ-S #% = 4r 128MB SDRAM

# (AMBA AHB

B~ Xilinx

XC2V6000 FPGA Logic Tile Daughter Card + - Lgﬁt,ifu? A% ARMO926EJ-S 54 AHB
Syt k4~ A Xilink FPGA + 7 DSP a2 % -
51 usa UART UART CLCD expansion
configuration Mouse oTG g {top) 0 (top) 2 itap) connector 2X16
switches USB 1 (battom) 1 {bnliom) botlom) \ E"ED"E'C‘E"
- N L
8 N
e out f AATS ——
Line in — {green LED)
(battom) I]
Mic i — ¥| RESET
icin ] .____ f :|: {orange LED)
FE@a oM o ——— € . @® L *| pevcuir
debug - _r/CGNFIG
MME 1L 3 ] | ® == O T (blus LED)
0 (tap) = d
1[bg.l:{'tgm} ikl / =‘-"‘ FPGA
|T - | an| | CONFIG
Smart | o | 3o [yellow LED)
SB{;d ) J 1 ‘ — x|
O L aB
1 (batiom) | L ,/r__' || _— |TI | Turac
Lagic Tile ,’f_ — -] lll ! D'R 7l -Trace
expansion | == | [ port
. | CFGEN LED
56 GP
(usar) —7 . .
swilches Ll I‘?nok NFIG
o 2 =
(user) O Standby/
LEDs [~ Standby/
Ethernet — o pamer
T Logic
Keyboard o ~analyzer
Dynamic / g| -—-____T_,_: gsllg Ell.l
memory = . ’
Expansion .J gi:';?:;i;ﬁ =ll|ae ‘I‘“USB debug
= c || B =
e etor F Iﬂ FPGA he = L3 o 3V3 0K
=] 5
vea — T . ] 8 5V OK
d___________—f - F a Power
Static ~~"‘“'| HI L g ’_/
memory E] __* - Fuse
axpansion
e Y B T T L e

E] 47 %\—ﬂ. AHB Ml gﬁ/n #Em/\

ok

B] 4-6 ARM Versatile 7w A

v i5d FAST R ARM

[16] - DSP +:%F ARM % » % & (Slave) e

‘& d HADDR ~ HWRITE - HWDATA 4= HRDATA % 7

B~ DSP ek i o

-
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HADDR

HWDATA |  Slave
decoder HRDATA #
AHB | _HADDR 4 HADDR
M1 bus | HWDATA {_ | HWDATA |  Slave
HRDATA HRDATA #2
HADDR
HWDATA | Slave
P @ > #3
N HRDATA
’ HADDR
HWDATA | DSP
HRDATA COLE

Read data mux

Bl 4-7AHB M1 ®iigt /i m

Bl 4-8 % 7+ ARM 2 DSP z_ @ ¥t Ji ik 72 »ARM 5 i #J2 B DSP 5 & &J2
Eo i/l E S G 0 bRIFE - ARMAER S 8" 42555 » DSP iy £ ot
#2 > I #%- Data Flow Process Network &7 = 5 » HPI 7 Process List Table » 2_ {¢ ARM £
® » HOST_INITIAL % & DSP & fi 3K T 5 & » 4 dH#5% - IR & ARM 7&& Fie
ﬁ%l » FIFO Queue eifpthiz§ & 2|47 1l ﬁl%J »ePE R RR - B FkL s R o Page
#Number - FAL B % {5 & { seH g iR eip 2B o F 0¥ ARM Jc ¥ Interrupt o B L -
Interrupt 3 5% i “ﬁ% It | B’~§i§] 31 FIFO Queue edpth & 2| %r > 354 vi—  Page

#Number * #-FALB~ A1k o TR F i@ T E DB ERL L o

¥t DSP #8 4 » % 42 ¥] HOST INITIAL 4 Command F¥ » DSP P i& » 31| 2 & fi-5¢ o
BAFHGT 0 A2 E T i £ $Hp £ R Process List Table # » e iF 5 DSP
B3 T R B e R B Process i & P fid Mailbox ¥ ARM % I} Interrupt
& f ARM % i ¥ 2 ch7 L0 ¥ DSP {3 DSP_RECONFIG £ Command F¥ » Bl

W R RS 0 R AT - B EIARA R
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Host Processor Proposed DSP

'

Configuration Configuration mode
1. HPI configuration 1. receive HPI configuration and
2. write instruction to DSP instruction form host
3. wirte HOST_INITIAL 2. wait for HOST_INITIAL command
Data [npu
Active mode
1. polling the Input FIFO-
queue for data transfer 1. start computing
2. write input data to DSP 2. 1/0 process in charge of inter-

process communication
3. Interrupt is generated when the
computation is completed

'

Configuration mode

Clear interrupt

Move data out from DSP 1. receive DSP_RCONFIG

il 4-8 3437

B 4-9 & 7 FPGA &3 ii42 o #7 &£ £ 5h RTL 7 B * Core Generator % & & ;
z_ {6 * Xilinx ISE % 5 #.(i.e. Translate, Map, Place & Route ) & B 7 ¥ ; B {5 12 ModelSim

KBRS AN R NT R IFE 0 & 45 L H & A ks o
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Synthesizable RTL

JL

DesignWare/hardmacro
replacement

<«— Code Generator

Translate

1l

Map

1l

<«— Xillinx ISE

Place & Route

<«— ModelSim SE

Bit file generation <«— Xillinx ISE
FPGA «—MultilCE

B 4-9 FPGA § i 4%

Zo 4-5FPGA L & e

Device XC2V6000

Package FF1517

Speed grade -5

Cycle time 10.67 ns ( 93 MHz)
Slices 10,679/33,792 (31%)
Slice Flip Flops 10,154/67,584 (15%)

Utilization 4-input LUTs 12,208/67,584 (18%)

Summary Bounded IOBs 397/1,104 (35%)
BRAMs 31/144 (21%)
GCLKs 2/16 (12%)

43 F %K
i & ARM Versatile 337 = B % > 4o 9757 -

B Casel: 248 X9 3 Process Management 11 i » 12 ARM k3% 7 2
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B Casell : 2 4t %8 %k F I Process Management 11 iF > 12 DSP k3 {7
B Caselll : ™2 A %8 <7 HPI % ¢ 3 Process Management 11 %

A0 JPEG % 5 BB R ST Sen i AR A25N > Hp B RS 320%240

Lana B % o F &% P cha 3t pug = A w™ H DSP e * F o w 5 5% o & 4-6 &7

DSP /& d2 B % . ARM Versatile + #h1 iF4F F o

%46 oS

Devices Operating Frequency

Multithreaded DSP core on

Xilinx Virtex [1-6000 35 MHz
Host Processor- ARM926 210 MHz
AMBA AHB 35 MHz

4.3.1 IMT DSP # JPEG encoding %% 5t

# i #- JPEG encoding 4 = w % 3¢ » 4o 3.1.1 i o 12 IMT DSP &2 B k34 {7

JPEG encoding » H #&at 4ok 4-7 #5571 :

# 4-7IMT DSP # {7 JPEG szt

Performance (cycles)

Kernel
Color space transformation 211146
Discrete cosine transform 567478
Quantization & zig-zag scan 175432
Huffman coding 1287389
Total 2241445
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43.2 Case I-Process Management 71 i£d ARM &k#{ {7

A C 425% k45 B Process Management 11 i£3 ¥ 2 /4% ARM &# {7 » ARM

% f 7 Process ¢ Scheduling ~ Dispatch fo 3 4 crfiig g2 i 41 o B] 4-10 & 77 Case I 14
% & — 1 Thread Slot 3 # 4 ¥ 77 Share Memory X % 4# Process =k & F 3 (4rfF HPI
11 Dispatch Table) o & k| ® 4~P% > ARM 4= Process =ik & F L B » 3| & Share
Memory 42 > 2_{sd ARM § » # 7 41 Command R (7 B 4085 (7 5 % 2 Process &
AT

= P > d Mailbox ¥ ARM % ! Interrupt ; ARM /JZ Interrupt { #-F L d » # *

>p
7

;‘Fg

& fe AT Process % DSP ehd 17 3 K §4 {7 « & @ Process 14 i%3kd ARM % iJZ -

BT B2 B A B WA o A LG R o

Interface IMT CE
In page #0
Out page #0 <« Thread #0
PC
Initiate #0
ARM ; .
& : :
@ @ In page #7
@ ‘_|:|<7 Outpage #7 | (| oI Thread #7
° PC
Initiate #7

] 4-10 Process Management # ARM % /&2

4.3.3 Case II-Process Management 71 i¥d DSP k3 {7

Bl 4-11 72 Case Il ¢/ & 122 B8 FihenA fie o DSP chiy (T A &5 48
Supervisor Thread f= Computation Thread ; DSP 18 44 {7 3 # ¢h— 45 L5 Supervisor
Thread » # 4 7 i #%5 Computation Thread ; # # Process Management 11 f%yj-&'i d

Supervisor Thread % § # ° Supervisor Thread i % & £7 3 % B pd il > H-4 eJ2 B 47 (8
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i

3 L 2 i % Computation Thread k#4175 § & & = = P> | § i 4 Mailbox ¥ ARM
% 4 Interrupt » ARM 3= HiF & = s L # ) o Supervisor Thread £2 Computation Thread
2B enfig s & Case I 4pi7 > 2 & § % Process ehfh & F#L B F|F & 2 % 4% e Share
Memory » 2. ¢ Supervisor % Command # Computation Thread B 438 & > 34 {7 3 enk ot
% %‘ﬁ’é SlotFree 4 4 K hz o AERIE Rz e e aniid > B304 % 2 & Supervisor
Thread ¥ Computation Thread 2. fF e i - & g2 B2 B eif i Tfev Mt e Z v

457 DSP P e- B FH > @ DSPenfl® Fa T o

Interface IMT CE
In page #1
Out page #1 | _
BC «—»  Thread #1
Initiate #1
ARM Supervisor . .
thread . .

A

G} :I:I:m @ In page #7
@ @x& <> Out ;I)Dage LIEPE Thread #7
4“ H - Q

Initiate #7

@] 4-11Process Management ¢ DSP % pg2

4.3.4 Case IlI-Process Management =11 id HPI k3 {7

Case III % # i 435 31 enfic] » 2 imerife (230 2% B 2 % enip o Bl 4-12 4 7
HPI § # Process Management 91 {% » 4 % Process % DSP %i& ¥ » 2731 g2 B2 [ e

#i 2.5 4 FIFO Queue fic & /O Process % 2 -
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Interface IMT CE

HPI
ARM <«—» Thread #1

Op *@@ =
@ <«+—»| Thread #7
<—H<— - Q

] 4-12 Process Management 11 iT % d HPI % g2

435 fELE5E
B ODSP {i* FE

Bl 4-13 4 77 iz= B cases 4 {7 JPEG Encoding #7 7= % 3% (7 F & (X #h 5 JPEG B

sk Y hs R FEERE) e

0.8
DSP Execution Time on JPEG Encoding
0.7
0.6 |1 —*—Casel »
05 Casell
T | —+—Casell /
8 0.4
)]
n
0.3 r
0.2 /
0.1 r
0
1 2 3 4 5

Number of image

Bl 4-13 DSP #4 {7 JPEG ey {7 p& [
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F o385 4 DSP —N’# B r‘f’l‘;‘".%'.r =N

U= (Total Program Count)/(DSP Operation Freq.)
(Total Execution Time) (4-1)

HEANE o DSP e * KA w5
v Casel: 55.5%

v’ Casell : 66.7%

v’ Caselll : 93.4%

DSP %  chpF

B 4-14 %7 DSP Z B erpr i (DSP 2 FPFR =DSP B 7 F—DSP F 2 7~ v
FE pER e H 4% % Bt Process Managemient #0172 d HPI % &2 > 4p 43t Case

I/Case Il » #-+ & 74 11/7 & HFE E o By o

12000000
DSP Idle Time
10000000 Plad
—— Case | /
o 8000000 Case ||
(&]
) —— Case |l
S 6000000
(&)
ks
O 4000000 |
2000000 |
0 et /

Number of image

B 4-14 DSP 7 F chps
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B DSP f|* F385 I (B-DSPFEE ey (i3] 7B )

Bl 4-15 # o7 DSP #4 {7 JPEG #7i- % chp= & > # DSP p ¥ 18 § 3} Rt T xR

-5 H DSP e * F
v Casel:54.9%
v’ Casell: 78.6%
v’ Caselll : 92.3%

DSP =% 5 & case II 5 78.6% §¥2 w0 eint A= k3 4r 7 11.9%(4p § ** Supervisor
Thread #7 b e * 5 ) > Hap3va 21.4% (100-78.6) ehpF 7 43 i Processes 2.
Frengid (7§ — B Process % & {4 ».Supervisor Thread % Z & =4 pF ¥ &k { 2z Table » &
W BPERT IS 0 ¥ - B AT Process A g ARA UK ) s A L T E B Y AR

§ R B A AT

0.8
DSP Exe. Time on JPEG (normalize to 7 threads)
0.7
——Casell
0.6 M ad
Casell

.
0.3 / "
0.2 /'/ /

1 2 3 4 5
Number of image

Second

B 4-15 DSP # {7 JPEG ¢4 (7 p5F (DSP ¥ i ¥ ehdd (7 BB 2 5 7 )

71
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dr# 4-8 % @& * TSMC 0.13um CMOS #lfz $tiirens & % % > 4% & e HPL #7i¢ * eh

T o W EcE 4p ¥ DSP }f@ﬁ{% * ’é/i%’ v 6.25% 0 A BT T ek e

%048 L3 ex%

Technology TSMC 0.13um CMOS technology
Core gate count 129536
HPI gate count 8103
Operating Frequency 100MHz
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5 ®REZ ARIT

AT LR A R O IR R R R A S

AT EE R R o MR TEE S R eI BR T iR R I S - B
P p® I FLOEGE o A AP g DSP e # ;:51*#7‘7;&7» B BRFIRp(D4p 4 0

£ e lssue Slot “ui% ¥ reedn@ 8 5 (3)%4F AL B2 [ e il ¥7 Process Management

BAA TR Fenfp s B ARG AREE _%z,t;ﬂ,; i@ DSP el % F 4% & 60%
T oo APl 7 IMT g fE k F IF DSP I E o IMT 4 (7 5 2 eh 3 50 3

Cycle-by-Cycle » # 2 % ¢ Short Stalls f- Long Stalls ; ¥ “b 2% i 4% 1} HPI % § # Process
Management » & ¥ a2 B 2 B i il =t #ic' 4o 2@ &2 DSP e * & 5§ ¢k Process
1% i H_Priority-based 73+ B 2L c7 Process #-¢ i L 4 % > @ DSP ¢ Thread Slot

H € Ak ML 0 Process A T ok o
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