FSU DEPARTMENT OF COMPUTER SCIENCE

4 N

Supporting User-Friendly Analysis
of Timing Constraints

by
Lo Ko and David Whalley
Florida State Umnersity

and

Marion Harmon
Florida A&M University




FSU DEPARTMENT OF COMPUTER SCIENCE

~

The Problem

* High-level timing analysis allas a user to relate
timing constraints to source code portions.

* Low-level timing analysis on machine code is
much more accurate.

« How can a user request and understand timing
predictions associated with the more accurate
low-level analysis?
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Goals

* A user should be able to quickly select a portion
of the program for timing prediction.

* The user should only be allowed to select-por
tions of the program for which timing bounds
can be obtained.

* The corresponding portions of the source code
and machine codeues of the program selected
by the user for timing prediction should be de-
picted.
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Main Windowv at Function Level

Select a function within the progran,

function nane

des

cyfun
main

Cycles to Execute the ks Function
Best Case 1687 Horst Case 3610

Exit Hore Detail

~
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Source Code Window

C Source Code of des.c

line # source code

23 49,17 .57 ,20):

24 static great knsl[l171:

20 ztatic int initflag=1:

26 int ii.i.j.k:

27 unzigned long ic,shifter.getbit{i:

28 immenze itmp?

29 woid cyfunty, kst

3

a1 if {initflag) {

32 initflag=0:

a3 bit[1l=zhifter=1L}

a4 fori j=2rj<=221j++3 bitlj]l = (shifter <<= 1):
ar ¥newkey=03

38 for{i=lri<=1Bri++) kalkey, i, tknsl[ili:

39 T

47 itmp,t fitmp

43 itmp,l =

44 ¥

4h for (i=1:i<=1R:i++} {

45 ii = {isw =17 17-i ¢ ix:

47 cyfunfitmp,l, knsliil, &ica:

43 ic "= itmp.r:

49 itmp,r=itmp,1?

G itmp,l=ic?

51 ¥

hZ ic=itmp,r:

53 itmp,.r=itmp,l:

b4 itmp,l=ic:

55 kot r=Ckout ) 1=00:

] for (=32, k=B4: j >= 1 j—, k—2 {

by oLt r = Cl%out) e <<= 1) | getbit{itmp,ipm[j1.323¢
54 Chouty, 1 = (0kout), 1 <<= 1) | getbit{itmp.ipmlk], 320
59 T

B0 X

Select Path Eﬁﬂﬂﬁ@%é Eﬂaﬂﬂaié E Clear HIL

~
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Assembly Code Window \

Aszenbly Code of des.s

blk assenbly code

zll  #od,1,.%o0d
# block 5§ {lines 36-363}

L213;
cmp

P ]

gt #g0,[Eab]
mov 1,10
add  H=p, 0_STARG, %14
sethi  ZhiflZ14}.%16
add  E16,%loil214) %13
add  ¥13,12,%16
add  ¥13,192,%iZ

# block ¥ (lines 38-38)

L227:

ld  [Eil + 41.%01
st Hol.[¥sp + (LO_STARG + 431
ld  [Eill, o0
gt Ho0.[¥sp + ,0_STARG]
moy  &ld,Zol
moy  &10,#al
call  _ks.3
moyv  &16, 02

# block 8 (lines 33-38)
add  ¥16,12,.%1R
cmp E£16,#iZ
ble L227
add  Elo,1.%10

# block 9 (lines 40-400

gzt #al. [Z=p + .1 itm

]
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Methods for Selecting Code Portions

* Two ways to select code portions for timing pre-
dictions.

— Main Window Selection: The user can
male \ery fine grain leel requests.

— Source Code \Widow Selection: The
user can makrequests very quickly.
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Main Window at Loop Level

Select a loop within the function des.

loop nane source lines  nest level

entire function 41, .58
LOOP 1 24, .34
LOOP & 28, .30
LOOP 3 41, .43
LOOP 4 45, .50

bE, .05

Cycles to Execute Loop 4 within des
Best Case 13081 Horst Case 25866

Exit Hore Detail Back
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Main Window at Path Level

Select a path within loop 1
of the function main.,

path blocks source lines

entire loop 1

Cycles to Execute Path 1 within Loop 1
Best Case 1419 Horst Case 1527

Exit Hore Detail Back

10
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Main Windowv at Subpath Led

Select a subpath within path 1
within loop 1 of the function main.

blocks source lines

8..0
8..0
10, ,10

16, .17 loop 3
P

Cycles to Execute Subpath from Block 7 To
Block 11 Best Case 8 Horst Case 35

Exit § Back

11
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Selecting a Path via

the Source Code Window

C Source Code of des,.c

line # source code

15 32.24,16.8,57,49,41,33,25,17,9,1,59,51 .43, 35,
16 2¢,13.11.3,61,52,45,37,29,21,15,.5,65,550,47, 39,
17 21,238,150, 75

18 ztatic char ipm[B5]=

19 10,40,8.48,16.56,24 64 ,32,39. 7,47 ,15,

20 bh,23,63,31,.38,6, 46,14 .04, 22, 62,30, 37 .5, 45,13,
21 53,21,61,29.36.4,44,12,.52,20,60,28,30,3,43,11,
22 51.13.59.27,34,2,42,10,50,18,55,26,33,1,41,19,
23 49,17 .57 .20

24 ztatic great knz[171:

20 static int initflag=1:

26 int ii.i.j.k:

27 unzighed long ic,shifter.gethit{):

28 immense itmp:

29 void cyfunty, ks

. if tinitflagy £

32 initflag=0:

33 bit[1l=shifter=1L:

34 for{j=2:j<=32:j++1 bit[jl = (shifter <<= 132
35 H

2B if Cknewkeyr {

a7 ¥neuwkey=02

38 for{i=1:i<=16+i++} ksikey, i, &knsl[ill:

41 for (=32, k=b4:jr=Llrj—— k=1 {

4z itmp.r = (itmp.r <<= 1) | getbit{inp,ipljl.32):
43 itmp,l = {itmp,l <<= 1) | getbit{inp,iplk]l.32}:
44 T
45 for Ci=lri<=1B:i++) {
46 ii = {isw ==1%17-1 ¢ il
47 cyfuntitmp,l, knzliil, &ich:
43 ic ™= itmp.r:
49 itmp.r=itmp,l:
L] itmp,l=ic:
01 H
h2 ic=itmp,r:
é Baiaol Pabh E |Hccept| |Eancel| | Clear A1l

~
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Best Case Path

C Source Code of des,.c

line # source code

15 22,24 ,.16,8,57 49,41 ,35,.25,17,5,1,63,51 .43, 35,
16 27.19,11,.3,.61,53,45,37 .29, 21,13, 5,63, 55,47, 33,
17 21,23,15,7k:

13 ztatic char ipm[Bh]=

19 {0,40,8,.48,16.56,24 64 ,32,39.7 47,15,

20 Bh,23,63,31,.38,6,46,14 .04 .22 62,30, 37 .5,45,13,
21 53.21.61.23,36,4,44,12,52,20,60,25,35,3,43,11,
22 51.13.59.27,34,2,42,10,50,18,58,26,33,1,41,19,
23 49,17 57 200

24 static great kn=zll71:

2h static int initflag=1:

25 int ii,i,j.ks

27 unzigned long ic.shifter,getbit{}:

28 immense itmp:

29 void cyfunil, kaih:

; if {initflags 4

22 initflag=0:

33 bit[1l=shifter=1L:}

34 for{j=2:j<=32:j++) bit[jl = (shifter <{= 1
a7 ¥newkey=0%

38 fordi=lzi<=16ri++} ketkey, i, tknzlill:

43 itmp,l = {itmp,1 <<= 1 | gethitiinp,iplk], 323

44 h
45 for (i=lri<=1Rzi++ o
4k ii = {isw==1"%17-i 1 ix:
47 cyfuntitmp,l, knsliil, &ici:
48 ic "= itmp.r:
49 itmp,r=itmp,1:
50 itmp.l=ic:
51 b
hZ ic=itmp,r:
P Salseb Path E?Ef:a:f:;}i;é Eila;‘sf:%i.é L Cloar 8L

~
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Worst Case Path

C Source Code of des.c

line # szource code

15 22.24,16,3,57 49,41 ,33,20,17,3,1,53,51 , 43,36,
16 27,19,11,3,.61,53,45,37,29,21,13,5,63,00,47 .39,
17 31.23,15, 7k

13 ztatic char ipm[ER]=

19 10,40,8.48,16,56, 24 64 ,32,39,7 .47 .15,

20 55,23,63,31,38,6, 46,14 54 22 B2 30,37, 5, 450,13,
21 53.21,61,.29,.36.4,44 12 52,20, 60,28, 35,3, 43,11,
22 51.19.59,27,.34,2,42,10,50,18, 58, 26,33,1,41,9,
23 43,17.57,. 20k

24 static great kns[171:

20 static int initflag=1:

26 int ii.i,j.k:

27 unzigned long ic.zhifter,getbiti}:

28 immenze itmp:

29 woid cyfuniy, ksir:

30

if {initflagy £

k) {

42 itmp,r = {itmp,r <<= 1} | getbit{inp,ip[j1,.323:
43 itmp,l = {itmp,1 <<= 1} | getbit{inp,iplk], 323
44 T
45 for Ci=l:i<=1B:i++} 1
4B ii = {i=mw==1717-1i ¢ i
47 cyfunditmp,l, kneliil, &ich:
48 ic "= itmp,r:
49 itmp,r=itmp,1:
50 itmp,l=ict
51 T
52 ic=itmp,.rt
L Select Parh [ fesept | (Canesll 1 Dleas BLE

15
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Selecting an Infeasible Path

C Source Code of des.c
line # szource code
43 ic *= itmp.r:
49 itmp,r=itmp,1:
G itmp,l=ict
q1 H
hZ ic=itmp,r:
53 itmp,r=itmp,1:
h4 itmp,l=ic:
Lala) Ckauty , r={%out), 1=0L:
bR for ©j=32, k=642 j »= 1 j—, k—23 4
oY Choutd ko= ((koutd,r <4= 1) | getbit{itmp,ipm[j],32:
ha Chouty, 1 = {dkoutd,l <<= 13 | getbit{itmp.ipmlk]1.32}:
59 T
B0 X
Bl
B2 unzighed long gethit{source.bitho,nbitsl
B2 immense source:
E4 int bitho,nbits:

72 woid kslkey.n. kn)
73 immenze key:
74 great #kn:
ho int n:
B4
i ztatic immenze icd:
7a static char ipcl(571=40,57,.43,.41,25,.25,17,.9,.1,68,50,
79 42,34,26.18,10,2,59,51,.43,36,27,19,11. 3,60,
a0 02,44 ,36,63,50,47,39,.31,23,15,7,62,54 46,38,
al 20,22.14,.6,61,52,45,37,29,21,15, 5,28, 20,12, 43
gz static char ipc2[491=40.14,17,11,24,1,5.3,28,15.6,21,
a3 10,23,19,12.4,26,8,16, 7,27 ,.20,13,2,41 .52 .21,
a4 37,47 .50,30,40,51,45,33, 48,44 ,43,33,56,.34,
ah 52,4642 ,.50,36,29,32%:
é Baiaol Pabh E |Hccept| |Eancel| | Clear A1l

16
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Selecting a Single Path

C Source Code of des,.c

line # source code

152
154
155
156
157
158
153
160
161
162
162
164
1E5
166
167

0.9.0.4.12,0,7,10,0,0,5,59,11,10,9,11,15,14,

0.10,3,10,2,3,13,5,3,0,0,0,5,7.4,0,2,0,

0.0.0,2,4,14,0,6,12,0,3,11,15,14,8,3,8,19,

0.5,2,14.8,0,11,9,5,0,E,14,2,2,5.8.3.6
0.7,10.8,15,9,11,1,7,0,8,5,1,9,6,8,6,2,
0.0,15,7.4,14,6,2,8,0,13,59,12,14,.3,13,12,113:

static char ibin[161={0.8.4.12,2,10,6,14,1

great ie:

unsigned long itmp,ietmpl,istmp2:

char iec[91:

int jj.irow,icol,iss,.j.1.m:

-

Er
=

L1.9.5,13,3,11, 7,15+

sl

ie,r=ie,c=ie, 120

far {j=16,1=22,.m=48*j>=1:j-—-.1—,mn— 1
ie,r = tie,r <=1t | {bitliet[j]] & ir % 1 3 0
ie,c = tie,c <4=1) | fbitlietll1] & ir 21 & Q)
i fie,] <<=13 | fhitliet[ml] & ir * 1 2

174 ietmpl={f{unzigned long} ie,c << 16}+{unzigned long} ie.r:
175 ietmp2={{unzigned long) ie,l << @r+{{unzigned long} ie,c >» 8}
176 for ©j=1,m=5j=4*j++ m++ £
177 iecljl=ietmpl & Ox3fL:
178 ieclml=ietmp? & Ox3fL:
173 ietmpl >>= B3
180 ietmp? >»= G
181 H
132 itmp=0Lz
183 for (jj=Brjix=lij—-t £
184 J =ieclijl:
185 irow=00j & Oxld << 13+ & Qw203 >> bd:
186 icol=({j & Ow2y < 20+0j & Oudd
187 HO0G B OB B 234005 & Owd0d x40
188 izz=i=licolllirowl[jjl:
125 itmp = {itmp <<= 4} | ibinli=z=1:
190 H
é Baiaol Pabh E |Hccept| |Eancel| | Clear A1l

18
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Expanded Selected Path

C Source Code of des,.c

line # source code

152
154
155
156
157
158
153
160
161
162
162
164

0.9.0.4.12,0,7,10,0,0,5,59,11,10,9,11,15,14,

0.10,3,10,2,3,13,5,3,0,0,0,5,7.4,0,2,0,

0.0.0,2,4,14,0,6,12,0,3,11,15,14,8,3,8,19,

0.5,2,14.8,0,11,9,5,0,E,14,2,2,5.8.3.6
0.7,10.8,15,9,11,1,7,0,8,5,1,9,6,8,6,2,
0.0,15,7.4,14,6,2,8,0,13,59,12,14,.3,13,12,113:

static char ibin[161={0.8.4.12,2,10,6,14,1

great ie:

unsigned long itmp,ietmpl,istmp2:

char iec[91:

int jj.irow,icol,iss,.j.1.m:

-

Er
=

L

L1.9.5,13,3,11, 7,15+

sl

177

178 ieclml=ietmp? & Ox3fL:

173 ietmpl >>= B3

180 ietmp? >»= G

191 H

132 itmp=0Lz

1483 for (jj=8rji»=lrjj—» {

184 J =ieclijl:

135 irow=(0] & Oxld << 13+005 & Oe0) 23> By
186 icol=00] & Ox2) <0 20+0j & Oud)

147 H00] & OB 2 B300 & A0 B3 40
188 izz=i=licolllirowl[jjl:

125 itmp = {itmp <<= 4} | ibinli=z=1:

190 H

Select Path Eﬁﬁﬂﬁy%é Eﬁaﬂﬁaié L Cloar 8L

20




FSU DEPARTMENT OF COMPUTER SCIENCE

4 N

Implementation

 The X Toolkit and Xlib libraries were used.
e Timing Tree

— Best and worst case predictions for mul-
tiple instances.

— Predictions for functions and loopew
sus paths and subpaths.

21
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Future Work

« Supporting partial highlighting of source lines.
* Displaying pipeline diagrams for subpaths.

* Permitting finer grain leel of requests for timing
predictions.

 Allowing assertions in the source code.
— loop iterations

— timing constraints

22



FSU

DEPARTMENT OF COMPUTER SCIENCE

Displaying Pipeline Diagrams

Best Case Pipeline Diagran

cycle # IF ID EX FPEX CR HB FHB
1: 9
2: 10 9
31 11 10
q: 12 11 10
52 13 12 11 10
6z 14 13 12 11 10
7z 15 14 13 12 11
8: 15 13 12
9: 15 13
103 15
11: 15
Horst Case Pipeline Diagran
cycle # IF ID EX FPEX CRA HB FHMB
1: 9
21 10 9
31 11 10
q: 12 11 10
L 12 11 10
6z 12 11 10
7z 12 11
8: 12
9: 12
10z 12
11: 12
12: 12
13: 12
14: 13 12
152 14 13 12
162 15 14 13 12
17: 15 13 12
18: 15 13
19: 15
202 15

Assenbly Code of tmp2.s

blk assenbly code

.,seq  "data"

Jcomman - _g.4,"data”

Leegq "text"”
Lolobal  _main
_main?

# block 1 (lines 7-8}

] zave  Asp.t-96) . Esp

1 sethi  Hhi{L1E}, %ol

2 zethi  Zhid_gh, ol

3 add  #o0,#lotliB}, %ol
4 call  _scanf.2

5 add  #ol.#lod_gi,.Zol

g moy gl A0
7 zethi  Zhid_gh, %11

] 1d  [X#11 +
f1ir ik

#lod_gh1, 20l

16 sethi  ZhitL22).%al
17 add  Zo0,Zloil22), %ol
13 call  _printf.2

15 1d  [¥l1 +

#lod_gr1, %0l

# block 6 (lines 10-107

20 ret

21 restore

.80 "data"
L2z

Lascii "EdN12N0"

Lar

ﬁmtﬁmﬁmﬁmo

Eéﬁﬁ?&t Pipeling ﬁiaog

23
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Conclusions

* Friendly interface for assisting programmers in
the analysis of timing constraints.

— Two methods for selecting program por
tions for predictions are supported.

— Correspondence between source and
machine code iels is shown.

— Users can only select portions for which
timing bounds can be obtained.

 Advantages of both highvel and low leve tim-
Ing analysis are achied.
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