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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 specify timing constraints at the
source code lel and obtain timing predictions
associated with the more accurate-evel anal-
ySIS?
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Goals

* A user should be able to quickly specify con-
straints and obtain timing predictions for the
specified portions of a program.

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

* The ability to specify constraints and obtain tim-
Ing predictions should not inhibit compiler opti-
mizations from being performed.

 The correspondence between source code and
machine code of the program selected by the us-
er for timing prediction should be graphically 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 3588 Horst Case 5633

Constraints 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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Methods for Selecting Code Portions

* Three ways to select code portions for timing
predictions.

— Constraints Vihdow Selection: The user
can quickly access the portions of the
program specified in the source code
timing constraints.

— Main Window Selection: The user can
make very fine-grain lgel requests.

— Source Code \Wdow 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
A4, .54
38, .38
41, .43
45, .50
56, .58

Cycles to Execute the des Function
Best Case 22084 Horst Case 257867

Exit Constraints Hore Detail Back

11
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Main Window at Path Level

Select a path within the function des.

path blocks source lines

entire function

__path 1
1 1,,31
3 a6, .36

10 40, .41

17 45, .45

loop 4

Cycles to Execute Path 1 within Function des
Best Case 22084 Horst Case 588735

Exit Constraints Hore Detail Back

12
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Main Windowv at Subpath Led

Select a subpath within path 1
within the function des,

blocks source lines

31,.31

45, , 45
45, .50
he, .ok
he, .56

Cycles to Execute Subpath from Block 5 To
Block 1/ Best Case 5b Horst Case 82

Exit Constraints Hore Detail Back

13
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Main Windav at Assembly Lgel

HARHING: Highlighted source lines nay not
match selected instructions
Click and drag to select instructions.

block instructions

# block & ¢{lines 36-3B6)
L2159
1d  [Zobhl,Zaod

# block 17 ¢lines 45-4&)
2A0
moyw 1, EL0
gethi  Ehidl214y il
add  #zp,.3 STARG,#il
i.—'.—' oy 1 3~ 914

Cycles to Execute from Inst 69 To
Inst 151 Best Case 41 Horst Case 58

Exit Constraints Back

13
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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

18 ztatic char ipmlB5]=

19 {0,40,8.48,16.56,24 64 ,32,39.7 .47 .15,

20 Bh,23,63,31,.38,6,46,14 .54, 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 51,19,53,.27,34,.2.42,10,.50,18,53,26,33.1..41..9.
23 49,17 ,57 .20k

24 static great kns[171:

20 static int initflag=1:

26 int ii,i,j.ks

27 unzighed long ic,shifter.gethit{):

28 immensze itmp:

29 void cyfunty, ks(i:

; if tinitflag) 4

32 initflag=0:

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

34 fordj=2:j<=32:j++1 bit[jl = (shifter <{= 132
a7 ¥neuwkey=02

38 fordi=1:i<=16:i++} k=sikey, i, ®knslili:

1i-— k=) {

4z itmp.r = {itmp,r <<= 1) | getbit{inp,ipljl.32):

43 itmp,l = {itmp,1 <<= 1} | gethitiinp,iplk], 323
44 H
45 for {i=l:i<=16:i++) {
46 ii = {isw =17 17-1 ¢ i
47 cufuntitmp,l, knzliil, &ich:
43 ic ™= itmp.r:
49 itmp.r=itmp,l:
&) itmp,l=ic:
01 H
hZ ic=itmp,r:
h3 itmp,r=itmp, 1z
04 itmp,l=ic:
55 kot ), r=Ckoutd, 1=00:
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
18 ztatic char ipmlB5]=
19 {0,40,8.48,16.56,24 64 ,32,39.7 .47 .15,
20 B5,22,63,.31,38 6, 46,14 04,22, B2, 20,37 .0, 450,13,
21 53,21,61,29.36.4,44,12 . 52,20,60,28,30,3,43,11,
22 51,19,53,.27,34,.2.42,10,.50,18,53,26,33.1..41..9.
23 49,17 ,57 .20k
24 static great kns[171:
20 static int initflag=1:
2B int ii.i.j.k:
27 unzighed long ic,shifter.gethit{):
28 immensze itmp:
29 void cyfunty, ks(i:
30

: 14— k—1 {
4z itmp.r = {itmp,r <<= 1) | getbit{inp,ipljl.32):
43 itmp,l = {itmp,1 <<= 1} | gethitiinp,iplk], 323
44 H
45 for {i=l:i<=16:i++) {
46 ii = {isw =17 17-1 ¢ i
47 cufuntitmp,l, knzliil, &ich:
43 ic ™= itmp.r:
49 itmp.r=itmp,l:
&) itmp,l=ic:
01 H
hZ ic=itmp,r:
h3 itmp,r=itmp, 1z
04 itmp,l=ic:
55 kot ), r=Ckoutd, 1=00:
P Salseb Path E?Ef:a:f:;}i;é Eila;‘sf:%i.é L Cloar 8L
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Disniss

Best Caze Pipeline Diagran Assenbly Code of des.s
cycle # IF ID EX FPEX CR HB FHB
= ’}) o blk assenbly code
%; ﬂg 144 136 =t fg0,(7i2]
ds= 147 148 145 144 138 zethi  Zhil_bit), %i0
51 148 147 146 145 144 139 add  Hod,¥loll283) ¥il
6z 148 147 146 145 140 add  Zi,Eloi_bit) g4
;3 i:‘lg ig; 147 146 146 141 add  #il,32,408
9; 150 149 148 147 ﬂg ?jd [Eiiﬁﬁ
10: 150 149 148 147 MLATTA
11: 151 150 149 148
12: 153 151 149
13: 154 153 151 149
14z 155 154 153 151
152 156 155 154 153 151
16: 157 156 155 154 153
17: 157 156 155 154
18: 158 157 156 155
19: 158 156 155
20z 158 156
21: 158
22: 158
Horst Case Pipeline Diagram
cycle # IF ID EX FPEX CR HBE FHB
1: 144
gf igg igg 144 # block 29 {lines 192-192)
4: 146 145 144 igg T e
52 146 145 144 - .
6: 146 145 =2y data
7z 146 .28 "text”
g: 146 .global  _main
9: 146 _maing
10z 146 Eocuw — 0OC
1%; 1:& Eﬁeat Piymniing ﬁi&+§§§$r$t Pipsline Si&°§
132 147 146
14z 148 147 146
15;: 148 147 146
162 149 148 147 146
17: 150 149 148 147
18: 150 149 148 147
19: 150 149 148
20z 150 149
21: 150 149
22: 150
23: 150
24z 150
25z 150
263 150

18
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 The X Toolkit and Xlib libraries were used.

e Timing Tree

— Best and wirst case predictions for mul-

Implementation

tiple instances.

— Predictions for functions and loop&w

sus paths and subpaths.

~

19
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Future Work

« Supporting highlighting and selections of por
tions of source lines.

« Splitting a loop into sections when there are too
mary paths.

 Allowing assertions in the source code.
— loop iterations

— data dependencies

20
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Conclusions

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

— Three methods for selecting program
portions 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.

21



