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An Improved Method for Hardware/Software
Partitioning considering Pipelining
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{ABSTRACT)

In order to cost and performance requirements, Embedded systems generally consist of
application specific hardware parts and software parts, ie processors like DSPs. In
comparison to hardware parts, software parts offer high-programmability, lower design
time, and comparatively lower cost and lower performance. On other hand, hardware
parts are more expensive to design and fabricate, but offer comparatively higher
performance. However, hardware parts provide better performance. Thus, for a given
system, these component are selected such that the performance critical tasks are
performed rapidly in hardware part, and the less critical parts that requires higher
programmability are performed in software parts, Hardware/Software codesign deals
with these problem of designing embedded systems. The co-design phase, during which
the system specification is partitioned onto the hardware part and software part, is called
hardware/software partitioning. This phase represents one key issue during codesign
process because systern this phase determines systemn performance. For performance
critical design, it is not sufficient to only implement the crtical tasks as hardware parts,
but it is also necessary to pipeline the system.

In this paper, after examining the existing hardware/software partitioning considering
pipelining, we present an Iimproved hardware/software partitioning to be shorten

computation time,
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1. For every node in the CFG, determine the longest compilation time from
that node till any output node, and assign node priorities.

2. Initialize the utilization list of all processors.

3. Loop

4. form a new ready list.

5. LOOP

6. If (node is software)

7. Find processor and corresponding time slot that gives earliest

completion time,

8. If(no avaliable processor)

9 Stop. No feasible solution

10, Else

11, Assign node to processor & time slot.
12 Update utilization list of processor.

13, Endif,

14. Else if (node is type hardware)

15, Assign hardware to earliest feasible time.

16. End if

17, Mark node as scheduled and remove from ready list

18. Until (ready list empty)
19. Until (all node in CFG are scheduled)

[E 2] 2/2E 2HEY

AZEY 02 Bo] AFY REEL Z2AAM P2oll WA 2AEY A7 AT
Ao} 271L whEEA] FELZ step 6IME [1F 33]9 ZEAA &F ¥ § Hels
ol P2 ZEAAMET vlgo] 3 BA FE TIAMAM, F A5l BE ZIAMA Pl
of ATEYZ E¥o] AHE LTSS WA step 59 69 AAHE FHYT. ol
9} 7bo] step 59 69 HAFL A% A} ZZo] NEH wriA] wE FPdd (I
9]= HE ~AZY AAZAN A% ALY 24 108 DHIL AHEE 2ZEHA 22

AME P13 P2olth [1¥ 9] Aas T2 MM P2REH P2P1 TaAMA I57HA
Step 59 69 #FF & 69 wE FHT Aolot

~ 327 -



10 BHKHEAPK RXE H328(2003)

] s$é6789 10 TIME

5 ¢ 18200

.
sag ! | A2) 1 AP
Shg 1
St ? T
sng? [ cCotanbwar) | DED |
[0 8] ZRAMIM P28 ARBE ZR9 2|2 (T2 9] AT 2AZE N
E A3 sd 2

V. Aokl £8 <daelF

71Z9] Egol/AZEY 0] $ Y YT UFE HZEH O] B o ZHE H
2359 =Y A A7 pHE gAY 2HAE NHIFHE WY HelM F
ZA vgo] Yo T AMFE T2 gk 2HBE vk nife] TR2AAMZL T
o FHote] A 1719 TZAHMREEH nlE 2§ 75 TZAAM NEF7A step 57H
68 wHE Falsof SR E AlARAIZRO] @Wol 42" & Utk EF o] A4 A2 H
239 A4 vlolTalel Av|o|R F, I8 ZEAMAM i) vt I8HEE
Aoty draFAAE Y 28 ZIAM IF FAA 7P wE Z2AIM
g AL ASe AYPAIZHS 38 o2 AlMste ol UEste AHHI ZEA
A 2ERE step 5HE 62 FEdtd A4 Aol BEHE ¥rEFS AL
(23 10]2 RGP st=gol/AZES 0] & dae]Folth

Step 134 2& [ 3]9 712 &3 2|F3 SYUBL step 39M 271 Z2AAME A
L3l ANEYolE Bdo| AFH RTEES €3 o AT MY 1S U=
Wl oM T2 v fo] Y T2 AMREH st Aol ot} &g & ol
o] o] e VEaE TZAHM IFFH TFIEE MAsdAc A2 & e
ojujgich n AT E o] BE ZIMHAM JMFoll = ATEHOE Fdo] A4
Yy T o] PS delaysE A% Aok 2ol webA 813t gt § Bound(n)E n7fel T
ZAAME 7tA T FolZpl e sl AAEH S 7Y ¥ AS LoHE HiH

AREREE LR

|

i o

lo
[

- 0]



stolxgjelo] 7B E BTl AZEM £Y AN WL 11

Sep1l Build contro] floew graph frem
SpecChart specification
%
S€P2 | Deermine hardware/seftware partitioa
i 1
Sep 4 Det.r;m area n::::;::: for - Sep?
:
Detrmbze inifial allscation
Resources mot fast enough Pipeline and schedule Ses §
Stwop contrel flow graph i
Hw area pipeline & Threughput
schedule ackieved Swy. Satisfed?
Ne
Modify processer allscafion | Siep é
| E—
(22 10] HMoHE Bl=qlof/AZEN 2 S2F
Bound(n) = 2. &igps delay «wreerereee A (1)
1ESW n

JE Sol HUe TZAME AR A9 ng 1o Pk BT e 2TEHOR
71 Aso] W T X ZZAA Plol TP

o] AAH T A B DES

o] AsAIZEe] & 14((745+2)F ZEZAMA A 12 Vg gtelth [O¥ 1]
g ZaAA g ug golddd &g ol FAHUG Nos 2% 7Hed

Hgo] Yo 1§S AASth 1817 BoundS G ZEAMA g HE gt

z2AM RS 7 Ha ANz ude vt

Allecation | Ceost Pt

) N
) n

Pl 58 4

Ne # 1 »m 2w
1 HEE ) o
2 H mm P
3 HEED ")
\ PIPI 180
R n
+f PIPIPI 150
(D2 1] HAS Z2MM 2 | Holg

- 329 -



12 HHBH ABK RXE H328(2003)

Step 3& YFPo g FoiA A AF =M, F 1080} 22 Hx9| 3% @, & 75
AN F A Ao MFE st 7P vlgo] R T2 MM I5<0 P3P3E
Z27] TEAAMZ AEFc 283 2ZEYOE E¥o| AAH =58 P3P3 X
HAMRE &gt aglsted BEY QA P2RE Z2AAM 90| AzHE 7|Fe
ool AZESO)/REE dueFY A AZE d5E F Aok A oA A
HE molzElg g 2AEY Ade [I¥ 1219 Zon HF stodo/ax
Edlol 28 AxE [O¥ 13]oith 7E S=do/AZTE N 8 4aF 9 Step
5%E 67129 REEZleE 6ol Ak AQtd 4y EFS TEZAMA PIP3FE P2P17HA
4312 Zradh

TIME
2 5 §78916
s ]
S 1
e [ B(P2) |
sug? | C®2) [ oy |
[Dg 2] 2B AHE Eo} [3% 13] HE St=EH/AZE

ol 28 2

I 2EE T VS =S AHEYRT VE =F
o] ¥¥ olF 7z} A7 HdAyE
He oM wgo] W2 T g AA
g Aoz gAY 1BE ZT2AAM Jie, golZelel AHolA] s, I
B0 7t BopAsE HAE AAESHA AT BESFE gotd AN Aol
Bol £285= gy 2AE Utk £ =FAAME 2ZESE FHol AHE
2355 ZRAM &3 o ZeAAM ot ste e BEske dT
Mo IFFH 7] A ¥F ZEAME ARSI Al4F AlZke] ©EE £ JUESE
71E st=dol/ATEdY BT drASEES MU ol A A dEHE



golxaiele] iE FHEdo] AZXES FE A WYL 13

Gtz 23)

&

[1] Smita Bakshi and Daniel D.Gajpki,"Partitioning and Pipelining for Performance
Constrained Hardware/Software System”.December 1999,Vol7, Number 4,]EEE
Transaction on VLSI System, pp 419-432.

[2] Smita Bakshi and Daniel D.Gajski, "Hardware/Software partitioning and
Pipelining ", Proceedings of Design Automation Conference, pp.713-716, June 1997.

[3] R.Ernst,J. Henkel, and T.Benner. "Hardware-Software cosynthesis for micro
controllers” pp 64-75,1994.

[4] RK Gupta and G.De Micheli"Hardware-software cosynthesis for digital systems”,
IEEE Design and Test of Computers,10(3):29-41,1993,

[5] AKalavade and Elee, "A Hardware/software codesign using ptolemy -a case
study”, In Proc. of the IFIP International Workshop on Hardware/Software Co-
Design”,1992.

[6] AKalavade and E.Lee. "A Hardware/Software codesign methology for DSP
applications” In IEEE Design and Test of Computers, 1993,

(7] P.H,Chou,R.BOrtegaand G.Borriello,"The Chinook hardware/software co-synthesis
system”In International Symposium on System Synthesis , 1995

[8] Smita Bakshi and Daniel D.Gagki. "Hierarchical pipelining with hardware/software
partitioning”, Technical Report 96-38,Dept. of Information and Computer Science
University of California Irivine,1996.

- 331 -



14 BHETXBH A% $32¥(2003)

[9] MD Edwards, JForrest, "softwate acceleration using programmable hardware
devices”, IEE proc-comput. Design Tech, Vol143, No.l, January 1996.

[10] Karam.S. Chatha and Ranga Vermuri, "A tool for partitioning and Pipelined
Scheduling of Hardware-Software System”

[11] Binvoo Srinivasan and ranga Vermuri, "A Retiming Based relaxation Heuristic for
Resource-Constrained Loop pipelining”

{12] Jhenkel, Th.Benner, R.Erst, "Hardware generation and partitioning effects in the
COSYMA system”,

{13] Dherrmannm JHenkel, REmst, "An Approach to the Adaptation of Estimated
Cost Parameters in the COSYMA systems”.

[14] Frank Vahid, Jie Gong and Daniel Gajki, "A Binary Constraint Search Algornithm
for Minimizing Hardware during Hardware/Software paritioning”, European Design
Automation Conference, pp214-219 september 1994,

[15] Bakshi and D. D. Gapki, “Partitioning and Pipelining for performance-constrained
hardware/software system”, IEEE Transaction on VLSI system, pp.419-
432 December 1999

[16] Bakshi Daniel Gagki,”Performance-constrained hierarchical pipelining for behaviors,
loops, and operations”, (1): 1-25 (2001)





