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1 Introdu
tionTo use the pst-sigsys pa
kage, add the 
ommand\usepa
kage{pst-sigsys}to the preamble of the do
ument. This pa
kage loads pstri
ks [3℄, pst-node [4℄, and pst-xkey[1℄ pa
kages. Moreover, it a
tivates polar 
oordinates through the \Spe
ialCoor ma
ro de�ned bythe pstri
ks pa
kage. Hen
e, all ma
ros support polar 
oordinates. Simultaneously loading thepst-sigsys pa
kage along with some other pa
kages in regular TEX might be impossible due tomemory restri
tions. If TEX runs out of memory, load the etex pa
kage.Se
tion 2 keeps a 
hange log from previous versions of the pa
kage. All ma
ros de�ned bythe pst-sigsys pa
kage are introdu
ed in Se
tion 3. The extra fun
tionalities of the pa
kage areintrodu
ed in Se
tion 4. Many pra
ti
al examples are provided in Se
tion 5 that illustrate theappli
ations of the introdu
ed ma
ros.2 Change Log
� Version 1.4 (03/07/2011): The 
ode for the \psaxeslabels ma
ro is updated to a

om-modate for 
ases when one of the two axes lines has length zero. The 
ode for \pspole isupdated due to the new 
hanges in the pst-node pa
kage. The new key afa
 is added to the\psadaptive ma
ro.
� Version 1.3 (06/18/2010): In the \psti
k and \psTi
k ma
ros, the ti
k angle is eitherdire
tly spe
i�ed by the user or set by the angle key when unspe
i�ed. The ti
klength keyrefers to the entire length of a ti
k, not half of it. The new key killzero is added to the\psstem ma
ro. In the \psldots and \ldotsnode ma
ros, the angle of dots is either dire
tlyspe
i�ed by the user or set by the angle key when unspe
i�ed. Two new ma
ros \psadaptiveand \psknob are added. The new keys framewidth, frameheight, and FillColor are intro-du
ed.
� Version 1.2 (01/15/2010): Five new ma
ros \psti
k, \psTi
k, \pssignal, \ldotsnode,and \n
star are added. The ma
ros \pshti
k, \psvti
k, \pshTi
k, and \psvTi
k are notavailable any longer sin
e their fun
tionalities are 
arried out by the newly de�ned ma
ros\psti
k and \psTi
k. Codes for the ma
ros \ps
ir
leop, \psframeop, \psldots, and
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ros 3\n
list are updated. Four new keys gratioWh, gratioWv, gratioHh, and gratioHv areadded that allow frames with edges proportional by the golden ratio. The global round-
ornering settings are removed be
ause of their undesired e�e
ts in other pa
kages. Hen
e,the option notelegant is not available any longer. Instead, the new style RoundCorners is in-trodu
ed. The styles Bra
eUp, Bra
eDown, Bra
eLeft, and Bra
eRight are not available anylonger. Instead, the ma
ros \psBra
eUp, \psBra
eDown, \psBra
eLeft, and \psBra
eRightare de�ned. The option pstadd is not available any longer. If the pa
kage pstri
ks-add isloaded, the relevant styles are automati
ally de�ned. The ma
ros \RE, \IM, \sRE, and \sIMare not available any longer be
ause of their irrelevan
e to the obje
tives of the pa
kage.
� Version 1.1 (04/01/2009): Four new ma
ros \pshti
k, \psvti
k, \pshTi
k, and \psvTi
kare added. The 
odes of ma
ros \psusampler and \psdsampler are updated. However, thereis no 
hange in their user interfa
e.
� Version 1.0 (01/15/2009): The �st version of the pa
kage.3 Ma
rosIn this se
tion, we introdu
e all the ma
ros de�ned by the pst-sigsys pa
kage. Every ma
ro hassome optional keys that 
an be assigned either dire
tly inside bra
kets right after the ma
ro nameor through the \psset ma
ro provided by the pstri
ks pa
kage. In the syntax of every ma
ro, theoptional portions are identi�ed by the shaded ba
kground. Unless dire
tly stated, all 
oordinatesspe
i�ed by (
oor ) 
ould be either in the 
artesian format (x, y) or the polar format (ρ; θ)1. Afterthe introdu
tion of every ma
ro, some examples are provided to illustrate the usage of that ma
ro.3.1 \psaxeslabels\psaxeslabels [keys ℄ {arrows} (x0, y0)(x1, y1)(x2, y2){x-label}{y-label}This ma
ro is a simpli�ed version of the \psaxes ma
ro de�ned by the pst-plot pa
kage [5℄. Asdepi
ted in Figure 1, the \psaxeslabels draws two straight lines, one verti
al and one horizontal,that interse
t at the point (x0, y0). These lines are en
losed by a virtual re
tangular box with thelower left 
orner at (x1, y1) and the upper right 
orner at (x2, y2). The two lines are labeled x-labeland y-label , respe
tively. Similar to the \psaxes ma
ro, the use of arrows is optional. The keysspe
i�
 to the \psaxeslabels are summarized in Table 1.Table 1. \psaxeslabels keysKey Value Default Des
riptionxlpos t | b b Position of the x-label along the horizontal axisylpos l | r r Position of the y-label along the verti
al axis1Re
all that pst-sigsys a
tivates the polar 
oordinates on loading. Hen
e, there is no need to use the\Spe
ialCoor ma
ro.
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x-label

y-label
b

b

b

(x0, y0)

(x1, y1)

(x2, y2) labelseplabelsep
Figure 1. \psaxeslabels ma
ro

-2 -1 0 1 2
-1

0

1

ℜ

ℑ � �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,1)2 \psaxeslabels(0,0)(-2,-1)(2,1){$\Re$}{$\Im$}3 \end{pspi
ture}
� �
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x

y
� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,2)2 \psset{line
olor=blue,xlpos=t,ylpos=l}3 \psaxeslabels{->}(-1,0)(-2,-1)(2,2){$x$}{$y$}4 \end{pspi
ture}
� �

-1 0 1 2 3
0

1

2
� �1 \begin{pspi
ture}[showgrid℄(-1,0)(3,2)2 \psaxeslabels{ - >}(0 ,0)(0 ,0)(3,2){}{}3 \end{pspi
ture}
� �

-2 -1 0 1 2
-1

0

1

x

� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,1)2 \psaxeslabels{->}(0,0)(-2,0)(2,0){$x$}{}3 \end{pspi
ture}
� �3.2 \psti
k\psti
k [keys ℄ {angle} (
oor ){ti
klength}As depi
ted in Figure 2, the \psti
k ma
ro draws a straight line with length ti
klength 
enteredat (
oor ) and angled angle with respe
t to the horizontal axis. If the optional parameter angle isabsent, then the angle is determined using the angle key. This ma
ro 
ould be used for adding ti
klines to 
oordinate axes in addition to many other usages. The keys spe
i�
 to the \psti
k aresummarized in Table 2.
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(
oor ) angleti
klengthFigure 2. \psti
k ma
roTable 2. \psti
k keysKey Value Default Des
riptionangle num 0 Ti
k angle

-2 -1 0 1 2 3
-1

0

1

2

x

y

� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(3,2)2 \psaxeslabels(0,0)(-2,-1)(3,2){$x$}{$y$}3 \psti
k[line
olor=red℄(0,1){.2}4 \psti
k[arrows =| -|℄{90}(-1 ,0){.5}5 \psset{angle=45}6 \psti
k[arrows =->℄(0,0){1}7 \psti
k[line
olor=blue℄(1 ,0){.5}8 \psti
k[line
olor=green ℄{135}(2,0){.5}9 \end{pspi
ture}
� �3.3 \psTi
k\psTi
k [keys ℄ {angle} (
oor )Similar to \psti
k, the \psTi
k ma
ro draws a straight line 
entered at (
oor ) and angled anglewith respe
t to the horizontal axis. The only di�eren
e is that the ti
k length is spe
i�ed by theti
klength key (Table 3). This ma
ro is useful when multiple ti
ks are to be drawn all with thesame length. Table 3. \psTi
k keysKey Value Default Des
riptionti
klength num[dimen℄ 0.15 Ti
k lengthangle num 0 Ti
k angle
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� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(3,2)2 \psaxeslabels(0,0)(-2,-1)(3,2){$x$}{$y$}3 \psset{ti
klength=.5}4 \psTi
k[line
olor=red℄(0,1)5 \psTi
k[arrows =| -|℄{90}( -1,0)6 \psTi
k[line
olor=blue℄{90}(1,0)7 \psset{angle=45}8 \psTi
k[line
olor=green℄(2,0)9 \end{pspi
ture}
� �3.4 \pssignal\pssignal [keys ℄ (
oor ){node}{stu� }This ma
ro pla
es stu� inside an invisible frame 
entered at (
oor ) and makes that a node labelednode (Figure 3). The separation of the frame and the stu� is determined by the key signalsep(Table 4). stu�b(
oor )

signalsep
Figure 3. \pssignal ma
roTable 4. \pssignal keysKey Value Default Des
riptionsignalsep num[dimen℄ 5pt Frame separation

-2 -1 0 1 2
-1

0

1

x[n]

y[n]

� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,1)2 \pssignal(-1.5,.5){x}{$x[n℄$}3 \pssignal[signalsep=.5℄(1.5, -.5){y}{$y[n℄$}4 \n
line{x}{y}5 \end{pspi
ture}
� �



3 Ma
ros 73.5 \psstem\psstem [keys ℄ (x0,∆){list}\psstem [keys ℄ {list}The \psstem ma
ro plots the sequen
e de�ned by list , whi
h is a 
omma-separated list of numbers.As shown in Figure 4a, if list = n1, n2, n3, . . . , then \psstem draws verti
al lines (stems) at x0, x0+
∆, x0 + 2∆, . . . on the horizontal axis with heights n1, n2, n3, . . . , respe
tively. It is important toremember that both x0 and ∆ must be integers.2 In 
ase their values are not expli
itly given, theyare assumed x0 = 0 and ∆ = 1. The stem ends are determined by the stemhead key. The \psstemma
ro is also 
apable of numeri
ally tagging the stems. As depi
ted in Figure 4b, the tag of everystem is pla
ed either below or above it depending on whether the 
orresponding number in thesequen
e is nonnegative (positive or zero) or negative, respe
tively. The distan
e of tags to stemsis determined by the labelsep key. In some 
ases (e.g., when the stemhead is >), it is desirable toremove zero-height stems. The key killzero, when used, removes su
h stems. The keys spe
i�
 tothe \psstem ma
ro are summarized in Table 5.

x0

n1

x0 +∆

n2

x0 + 2∆

n3(a) Sample sequen
e xi

labelsep
xj

labelsep
(b) TaggingFigure 4. \psstem ma
roTable 5. \psstem keysKey Value Default Des
riptionstemhead style * Stem head. Possible 
hoi
es are *, o, >, <,>>, <<, |, ), (, >|, and <|.stemtag Boolean false Tagging the stemsstemtagformat format \s
riptstyle Tag formatkillzero Boolean false Removing zero-height stems

0 1 2 3 4 5 6
-1

0

1

2

� �1 \begin{pspi
ture}[showgrid℄(0,-1)(6,2)2 \psstem[style=Stem℄{0,.5,1,-1,2}3 \end{pspi
ture}
� �2If you must use non-integer values, utilize the xunit key to arbitrarily 
hoose any real value.
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� �1 \begin{pspi
ture}[showgrid℄(0,-1)(6,2)2 \psset{style=Stem,line
olor=blue ,%3 stemtagformat=\
olor{red}\s
riptstyle}4 \psstem[stemhead=>,stemtag℄(1,2){-1,1,2}5 \end{pspi
ture}
� �

0 1 2 3 4 5 6
-1

0

1

2

0

2

41 3

5

� �1 \begin{pspi
ture}[showgrid℄(0,-1)(6,2)2 \psset{style=Stem ,stemtag}3 \psstem[line
olor=red℄(0,2){1,-.75,1}4 \psset{stemhead=o}5 \psstem[line
olor=blue℄(1,2){.5,2,-1}6 \end{pspi
ture}
� �

0 1 2 3 4 5
0

1

� �1 \begin{pspi
ture}[showgrid℄(5,1)2 \psset{stemhead=>}3 \psstem {1,0,1}4 \psset{line
olor=red ,killzero}5 \psstem (3,1){1,0,1}6 \end{pspi
ture}
� �

0 1 2 3 4 5
0

1
� �1 \begin{pspi
ture}[showgrid℄(5,1)2 \psstem[xunit=.5℄{1,.5,1,.5,1,.5,1,.5,1}3 \end{pspi
ture}
� �

0 1 2 3 4 5
0

1

2

3

� �1 \begin{pspi
ture}[showgrid℄(5,3)2 \psstem[stemhead=*℄(0 ,1){1}3 \psstem[stemhead=o℄(1 ,1){1}4 \psstem[stemhead= >℄(2 ,1){1}5 \psstem[stemhead= <℄(3 ,1){1}6 \psstem[stemhead=>>℄(4,1){1}7 \psstem[stemhead=<<℄(5,1){1}89 \rput(0 ,1.5){%10 \psstem[stemhead=|℄(0 ,1){1}11 \psstem[stemhead=)℄(1 ,1){1}12 \psstem[stemhead=(℄(2 ,1){1}13 \psstem[stemhead= >|℄(3,1){1}14 \psstem[stemhead= <|℄(4,1){1}15 }16 \end{pspi
ture}
� �



3 Ma
ros 93.6 \pszero\pszero [keys ℄ (
oor ){node}This ma
ro is used to generate a 
ir
le node 
entered at (
oor ) and labeled node that represents azero of a system. It 
ould also be used to generate several 
ir
les, all 
entered at (
oor ), representinghigh order zeros as shown in Figure 5. The radius of innermost 
ir
le is zeroradius, and it isin
remented by zeroradiusin
 for high order zeros. The line-width of all 
ir
les is determined bythe zerowidth key. The key order determines the order of the zero, i.e., the number of 
ir
les. Thekey s
ale 
an be used to s
ale up or down the radius of the innermost 
ir
le, the radius in
rement,and the line-width of all 
ir
les. Table 6 summarizes keys 
orresponding to \pszero and theirdefault values.
b(
oor ) b b b

zeroradiuszeroradiusin

Figure 5. \pszero ma
roTable 6. \pszero keysKey Value Default Des
riptionzerowidth num[dimen℄ 0.7pt Line-width of all 
ir
leszeroradius num[dimen℄ 0.08 Radius of the innermost 
ir
lezeroradiusin
 num[dimen℄ 0.07 Radius in
rementorder int 1 Order of the zeros
ale num 1 S
ale fa
tor

0 1 2 3 4 5
0

1

2

z1

� �1 \begin{pspi
ture}[showgrid℄(5,2)2 \pszero (1,1){z1}3 \nput{-90}{z1}{$z_1$}4 \pszero[line
olor=red℄(2 ,1){z2}5 \pszero[zerowidth=2pt℄(3 ,1){z3}6 \pszero[zeroradius=.25℄(4 ,1){z4}7 \end{pspi
ture}
� �
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0 1 2 3 4

0

1

2

z5

� �1 \begin{pspi
ture}[showgrid℄(4,2)2 \pszero[order=3℄(1,1){z5}3 \nput{-90}{z5}{$z_5$}4 \pszero[zeroradiusin
=.15,%5 order=2℄(2,1){z6}6 \pszero[s
ale=3℄(3,1){z7}7 \end{pspi
ture}
� �3.7 \pspole\pspole [keys ℄ (
oor ){node}This ma
ro is used to generate a 
ross node, as shown in Figure 6, 
entered at (
oor ) and labelednode that represents the pole of a system. The length and the line width of the 
ross are 
ontrolledby the polelength and polewidth keys, respe
tively. The key s
ale 
an be used to s
ale up ordown the pole line-width and the pole length. The keys 
orresponding to the \pspole ma
ro aresummarized in Table 7.
(
oor ) 45◦

polelength
Figure 6. \pspole ma
roTable 7. \pspole keysKey Value Default Des
riptionpolelength num[dimen℄ 0.12 Cross lengthpolewidth num[dimen℄ 0.7pt Cross line-widths
ale num 1 S
ale fa
tor

0 1 2 3 4 5 6
0

1

2

p1 p5

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \pspole (1,1){p1}3 \nput{-90}{p1}{$p_1$}4 \pspole[line
olor=blue℄(2 ,1){p2}5 \pspole[polewidth=2pt℄(3 ,1){p3}6 \pspole[polelength=.5℄(4,1){p4}7 \pspole[s
ale=3℄(5,1){p5}8 \nput{-90}{p5}{$p_5$}9 \end{pspi
ture}
� �



3 Ma
ros 113.8 \ps
ir
leop\ps
ir
leop [keys ℄ (
oor ){node}This ma
ro draws a 
ross inside a 
ir
le. Both the 
ir
le and the 
ross are 
entered at (
oor ). Then,it turns the 
ir
le into a node labeled node as shown in Figure 7. The length of the 
ross and itsline-width are 
ontrolled by the oplength and opwidth keys, respe
tively. The line-width of theen
losing 
ir
le is separately 
ontrolled by the linewidth key. The distan
e between the 
ir
le andthe 
ross is determined by the opsep key. The type of operation (whether plus or times) is 
ontrolledby the operation key. Another way of determining the operation inside the 
ir
le is through thekey angle that determines the angle of the 
ross. The key s
ale 
an be used to s
ale up or downthe 
ross line-width, the 
ross length, the separation between the 
ross and the 
ir
le, and the 
ir
leline-width. The keys 
orresponding to the \ps
ir
leop ma
ro are summarized in Table 8.
(
oor ) angleoplengthopsep

Figure 7. \ps
ir
leop ma
roTable 8. \ps
ir
leop and \psframeop keysKey Value Default Des
riptionoplength num[dimen℄ 0.125 Cross lengthopwidth num[dimen℄ 0.7pt Cross line-widthopsep num[dimen℄ 0.1 Separation between the 
ross and the frameoperation plus|times plus Operationangle angle 0 Cross angles
ale num 1 S
ale fa
tor
0 1 2 3 4 5

0

1

2
� �1 \begin{pspi
ture}[showgrid℄(5,2)2 \ps
ir
leop(1,1){op1}3 \ps
ir
leop[opwidth=2pt℄(2 ,1){op2}4 \ps
ir
leop[oplength=.25℄(3 ,1){op3}5 \ps
ir
leop[opsep=0℄(4,1){op4}6 \end{pspi
ture}
� �
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0 1 2 3 4 5

0

1

2
� �1 \begin{pspi
ture}[showgrid℄(5,2)2 \ps
ir
leop[operation=times℄(1 ,1){op5}3 \ps
ir
leop[angle=20℄(2 ,1){op6}4 \psset{fillstyle=solid ,fill
olor=gray!50}5 \ps
ir
leop[s
ale=2.5℄(4 ,1){op7}6 \end{pspi
ture}
� �3.9 \psframeop\psframeop [keys ℄ (
oor ){node}This ma
ro is very similar to the \ps
ir
leop ma
ro with the same keys as in Table 8. The onlydi�eren
e is that the operation is en
losed in a square frame rather than a 
ir
ular one.

0 1 2 3 4 5
0

1

2
� �1 \begin{pspi
ture}[showgrid℄(5,2)2 \psframeop(1,1){op1}3 \psframeop[opwidth=2pt℄(2 ,1){op2}4 \psframeop[oplength=.25℄(3 ,1){op3}5 \psframeop[opsep=0℄(4,1){op4}6 \end{pspi
ture}
� �

0 1 2 3 4 5
0

1

2
� �1 \begin{pspi
ture}[showgrid℄(5,2)2 \psframeop[operation=times℄(1 ,1){op5}3 \psframeop[angle=20℄(2,1){op6}4 \psset{fillstyle=solid ,fill
olor=blue!20}5 \psframeop[s
ale =2.5℄(4 ,1){op7}6 \end{pspi
ture}
� �3.10 \psdisk\psdisk [keys ℄ (
oor ){radius}This ma
ro is used to shade the region of 
onvergen
e of a system in the z plane. It draws a soliddisk 
entered at (
oor ) with radius radius as depi
ted in Figure 8. The �ll 
olor is spe
i�ed by thefill
olor key.
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b(
oor )radius

Figure 8. \psdisk ma
ro
0 1 2 3 4 5

0

1

2 � �1 \begin{pspi
ture}[showgrid℄(5,2)2 \psdisk[fill
olor=red℄(1,1){.5}3 \psdisk[fill
olor=blue!50℄(3 ,1){1}4 \end{pspi
ture}
� �3.11 \psring\psring [keys ℄ (
oor ){inner-radius}{outer-radius}This ma
ro is used to shade the region of 
onvergen
e of a system in the z plane. It draws a solidring 
entered at (
oor ) with inner radius inner-radius and outer radius outer-radius as shown inFigure 9. The �ll 
olor is spe
i�ed by the fill
olor key.

b(
oor )inner-radiusouter-radius
Figure 9. \psring ma
ro

0 1 2 3 4 5
0

1

2 � �1 \begin{pspi
ture}[showgrid℄(5,2)2 \psring[fill
olor=red℄(1,1){.5}{1}3 \psring[fill
olor=green ℄(3,1){.25}{.5}4 \end{pspi
ture}
� �3.12 \psdisk
\psdisk
 [keys ℄ (
oor )(x0, y0){radius}
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ros 14This ma
ro is used to shade the region of 
onvergen
e of a system in the z plane. As shown inFigure 10, it shades the area 
on�ned between a 
ir
le 
entered at (
oor ) with radius radius anda re
tangle 
entered at (
oor ) with width 2x0 and height 2y0. The �ll 
olor is spe
i�ed by thefill
olor key.
b(
oor )radius b

(x0, y0)

b

(−x0,−y0)

2x0

2y
0

Figure 10. \psdisk
 ma
ro
0 1 2 3 4 5 6

0

1

2 � �1 \begin{pspi
ture}[showgrid℄(6,2)2 \psdisk
[fill
olor=red℄(1.5,1)(1.5,1){.5}3 \psdisk
[fill
olor=blue℄(4.5,1)(.5,1){.15}4 \end{pspi
ture}
� �3.13 \psldots\psldots [keys ℄ {angle} (
oor )As depi
ted in Figure 11, this ma
ro draws three dots ea
h with diameter ldotssize on the samestraight line, where the middle one is 
entered at (
oor ). Every two 
onse
utive dots are separatedby ldotssep. The angle of the line on whi
h the dots lie with the horizontal axis is 
ontrolled bythe optional parameter angle . In 
ase it is absent, the angle is determined by the key angle. Thekey s
ale 
an be used to s
ale up or down the dot diameter and the dot separation. The keys
orresponding to \psldots are summarized in Table 9. angle

ldotssep ldotssep
ldotssize

b b b
b

(
oor )
Figure 11. \psldots ma
ro



3 Ma
ros 15Table 9. \psldots keysKey Value Default Des
riptionldotssize num[dimen℄ 0.05 Dot diameterldotssep num[dimen℄ 0.15 Distan
e between 
onse
utive dotsangle angle 0 Dots angles
ale num 1 S
ale fa
tor
0 1 2 3 4 5 6

0

1

2

b b b
b

b
b

b
b
b

b

b

b

b

b

b

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \psldots(1,1)3 \psldots{45}(2,1)4 \psldots[ldotssize=.1℄{120}(3,1)5 \psset{line
olor=blue ,angle=90}6 \psldots[ldotssep=.5℄(4,1)7 \psldots[s
ale=3℄(5,1)8 \end{pspi
ture}
� �3.14 \ldotsnode\ldotsnode [keys ℄ {angle} (
oor ){node}This ma
ro is very similar to the \psldots ma
ro. The only di�eren
e is that the \ldotsnodepla
es the dots inside an invisible frame and turns that frame into a node labeled node as shown inFigure 12. The frame is separated from the dots by half signalsep. angle

b b b
b(
oor )

0
.5signalsep

Figure 12. \ldotsnode ma
ro
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-2 -1 0 1 2

-1

0

1

ab

c

b
b

b

� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,1)2 \pssignal(1.5;0){a}{$a$}3 \pssignal(1.5;180){b}{$b$}4 \pssignal(1;270){
}{$
$}5 \ldotsnode{45}(0 ,0){dots}6 \n
line{a}{dots} \n
line{b}{dots}7 \n
line{
}{dots}8 \end{pspi
ture}
� �3.15 \psblo
k\psblo
k [keys ℄ (
oor ){node}{stu� }This ma
ro pla
es stu� at 
oordinate (
oor ), en
loses it in a re
tangular frame, and turns thatframe into a node labeled node . The separation between the stu� and the frame is 
ontrolled bythe framesep key.

0 1 2 3 4 5 6
0

1

2

x[n] z−1 h[n],H(z) y[n]

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \pssignal(0,1){x}{$x[n℄$}3 \psblo
k(2,1){a}{$z^{ -1}$}4 \psblo
k(4,1){b}{$h[n℄, H(z)$}5 \pssignal(6,1){y}{$y[n℄$}6 %-----------------7 \psset{arrows=->}8 \n
line{x}{a} \n
line{a}{b}\n
line{b}{y}9 \end{pspi
ture}
� �3.16 \psfblo
k\psfblo
k [keys ℄ (
oor ){node}{stu� }This ma
ro is very similar to the \psblo
k ma
ro ex
ept that the size of the frame is 
ontrolled bythe key framesize. The frame size is spe
i�ed asframesize=num1[dimen℄ num2[dimen℄in whi
h num1 and num2 are separated by a spa
e, not by a 
omma. If num2 is absent, then asquare frame is 
reated.
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0 1 2 3 4 5 6

0

1

2

x[n] H1 H2 y[n]

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \pssignal(0,1){x}{$x[n℄$}3 \psfblo
k[framesize=.75 .5℄(2,1){a}{$H_1$}4 \psfblo
k[framesize=1.5 1℄(4,1){b}{$H_2$}5 \pssignal(6,1){y}{$y[n℄$}6 %-----------------7 \psset{arrows=->}8 \n
line{x}{a} \n
line{a}{b}9 \n
line{b}{y}10 \end{pspi
ture}
� �3.17 \psadaptive\psadaptive [keys ℄ {arrows} {node A}(
oor ){node B}This ma
ro is useful in drawing adaptive systems. It 
reates node B at 
oordinate (
oor ) withrespe
t to the 
enter of node A. Then, it 
onne
ts node B to node A and 
ontinues to node C onthe same line (Figure 13). The proportion of the distan
es of node B and node C from node A isdetermined by the key afa
. A horizontal o�set to the lo
ation of node B is a
hieved through theaoffset key (Table 10).

node Ab
enter of node A node B
node CFigure 13. \psadaptive ma
roTable 10. \psadaptive keysKey Value Default Des
riptionaoffset num 0 Horizontal o�setafa
 num 1 Length fa
tor

-3 -2 -1 0 1 2 3
-1

0

1

H(z) H(z)

� �1 \begin{pspi
ture}[showgrid℄(-3,-1)(3,1)2 \psblo
k(-1.5,0){H}{$H(z)$}3 \psadaptive{->}{H}(-.5,-.75){Ha}4 %-----------------5 \psblo
k(1.5,0){H}{$H(z)$}6 \psadaptive{-*}{H}(1;-45){Ha}7 \end{pspi
ture}
� �
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-3 -2 -1 0 1 2 3

-1

0

1

H(z) H(z)

� �1 \begin{pspi
ture}[showgrid℄(-3,-1)(3,1)2 \psblo
k(-1.5,0){H}{$H(z)$}3 \psadaptive[aoffset=-.5℄{->}{H}4 (.5,-.75){Ha}5 %-----------------6 \psblo
k(1.5,0){H}{$H(z)$}7 \psadaptive[aoffset=.5℄{->}{H}8 (.5,.75){Ha}9 \end{pspi
ture}
� �

-3 -2 -1 0 1 2 3
-1

0

1

2

H(z)

� �1 \begin{pspi
ture}[showgrid℄(-3,-1)(3,2)2 \psblo
k(0,0){H}{$H(z)$}3 \psadaptive[afa
=2℄{->}{H}4 (1;-120){Ha}5 \end{pspi
ture}
� �3.18 \psknob\psknob [keys ℄ (
oor ){node}This ma
ro is useful in drawing adjustable weights in adaptive systems. It 
reates a 
ir
le node
entered at (
oor ) and labeled node . The radius of this 
ir
le is determined by the radius key.Then, it draws a straight arrow 
entered at (
oor ) (Figure 14). The length and the angle of thisline are 
ontrolled by the knoblength and the knobangle keys. The line width of both the 
ir
leand the line are 
ontrolled by the knobwidth key. The key s
ale 
an be used to 
ontrol the lengthof the line and the line width of both the 
ir
le and the line. The keys spe
i�
 to \psknob aresummarized in Table 11.

(
oor )knoblength knobangle
Figure 14. \psknob ma
ro



3 Ma
ros 19Table 11. \psknob keysKey Value Default Des
riptionknobwidth num[dimen℄ 0.7pt Line widthknoblength num[dimen℄ 1 Line lengthknobangle num 45 Line angleradius num[dimen℄ 0.25
m Cir
le radiuss
ale num 1 S
ale fa
tor

0 1 2 3 4 5 6
0

1

2

3

4

w1 w2

� �1 \begin{pspi
ture}[showgrid℄(6,4)2 \psknob (1,1){w1}3 \nput{180}{w1}{$w_1$}4 \psknob[knoblength=2℄(3,1){w2}5 \nput{0}{w2}{$w_2$}6 \psknob[knobangle=90℄(5 ,1){w3}7 \psknob[knobwidth=1.5pt℄(1 ,3){w4}8 \psknob[s
ale=2.5℄(3 ,3){w5}9 \psset{radius=.5,knoblength=2}10 \psknob[arrows =-*℄(5,3){w6}11 \end{pspi
ture}
� �3.19 \psusampler\psusampler [keys ℄ (
oor ){node}{stu� }This ma
ro is similar to the \psfblo
k ex
ept that stu� is pla
ed next to an up-arrow in the mathmode representing an up-sampler. It is important to remember that stu� must be in the text mode,not in the math mode, i.e., do not put $ around stu�.

0 1 2 3 4 5 6
0

1

2

x[n] ↑2 y[n]

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \pssignal(.5 ,1){x}{$x[n℄$}3 \psusampler[framesize=1 .75℄(3 ,1){a}{2}4 \pssignal(5.5,1){y}{$y[n℄$}5 %-----------------6 \psset{arrows=->}7 \n
line{x}{a}8 \n
line{a}{y}9 \end{pspi
ture}
� �3.20 \psdsampler\psdsampler [keys ℄ (
oor ){node}{stu� }



3 Ma
ros 20This ma
ro is similar to the \psfblo
k ex
ept that stu� is pla
ed next to a down-arrow in themath mode representing a down-sampler. It is important to remember that stu� must be in the textmode, not in the math mode, i.e., do not put $ around stu�.
0 1 2 3 4 5 6

0

1

2

x[n] ↓3 y[n]

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \pssignal(.5 ,1){x}{$x[n℄$}3 \psdsampler[framesize=1 .75℄(3 ,1){a}{3}4 \pssignal(5.5,1){y}{$y[n℄$}5 %-----------------6 \psset{arrows=->}7 \n
line{x}{a}8 \n
line{a}{y}9 \end{pspi
ture}
� �3.21 \n
list\n
list [keys ℄ {arrows} {n
-ma
ro}{list}\n
list [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{list}This ma
ro is very useful when sequentially 
onne
ting several nodes using a single node-
onne
tingma
ro. In addition, it is 
apable of labeling the node 
onne
tions. The list must be a 
omma-separated list of items. Possible uses of the \n
list are summarized below.

• \n
list [keys ℄ {arrows} {n
-ma
ro}{n1, n2, n3, . . . } 
onne
ts the node ni−1 to the node ni,for all i = 2, 3, . . . , using the ma
ro n
-ma
ro.
• \n
list [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{n1, n2 l2, n3 l3, . . . } 
onne
ts the node ni−1 tothe node ni, for all i = 2, 3, . . . , using the ma
ro n
-ma
ro. Moreover, it puts the label lion the 
onne
tion ni−1�ni, for all i = 2, 3, . . . , using the ma
ro n
-label . It is important toremember the following:1. In the list, the node ni and the label li are separated by a spa
e. If the label 
ontainsspa
es, then it must be en
losed in double 
urly bra
es, i.e., ni {{li}}.2. The �rst element of the list must be a single node (n1); it should not have any labels.
• \n
list [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{n1, n2 ncl2 l2, n3 ncl3 l3, . . . } 
onne
ts thenode ni−1 to the node ni, for all i = 2, 3, . . . , using the ma
ro n
-ma
ro. Moreover, it putsthe label li on the 
onne
tion ni−1�ni using the ma
ro ncli for all i = 2, 3, . . . . If for some

i, ncli is empty, then the ma
ro n
-label is used. In other words, the n
-label is the defaultma
ro for labeling 
onne
tions when su
h ma
ro is not expli
itly present in the list. It isimportant to remember the following:1. In the list, the node ni, the 
onne
tion-labeling ma
ro ncli, and the label li are separatedby spa
es. If the label 
ontains spa
es, then it must be en
losed in double 
urly bra
es,i.e., ni ncli {{li}}.



3 Ma
ros 212. The �rst element of the list must be a single node (n1); it should not have any labels.
0 1 2 3 4 5 6

0

1

2 A B C D � �1 \begin{pspi
ture}[showgrid℄(6,2)2 \psblo
k(1,1){a}{A}3 \psblo
k(2.5,1){b}{B}4 \psblo
k(4,1){
}{C}5 \psblo
k(5.5,1){d}{D}6 \n
list{->}{n
line }{a,b,
,d}7 \end{pspi
ture}
� �

0 1 2 3 4 5 6
0

1

2

b b b b b

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \dotnode(0,1){a}3 \dotnode(1.5,1){b}4 \dotnode(3,1){
}5 \dotnode(4.5,1){d}6 \dotnode(6,1){e}7 \psset{ar
angle=50,line
olor=blue}8 \n
list{n
ar
}{a,b,
,d,e}9 \end{pspi
ture}
� �

0 1 2 3 4 5 6
0

1

2

b b b b
1 3 4

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \dotnode(.5 ,1){a}3 \dotnode(2,1){b}4 \dotnode(3.5,1){
}5 \dotnode(5,1){d}6 \n
list{n
line }[naput℄%7 {a,b $1$,
,d {{$3$ $4$}}}8 \end{pspi
ture}
� �

0 1 2 3 4 5 6
0

1

2

b b b b
1

2
3

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \dotnode(.5 ,1){a}3 \dotnode(2,1){b}4 \dotnode(3.5,1){
}5 \dotnode(5,1){d}6 \n
list{n
line }[naput℄%7 {a,b $1$,
 nbput $2$,d n
put $3$}8 \end{pspi
ture}
� �



3 Ma
ros 223.22 \n
star\n
star [keys ℄ {arrows} {n
-ma
ro}{list}{Node}\n
star [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{list}{Node}This ma
ro is used to 
onne
t several nodes to a single node. It is also 
apable of labeling the node
onne
tions. The list must be a 
omma-separated list of items. Possible uses of the \n
star aresummarized below.
• \n
star [keys ℄ {arrows} {n
-ma
ro}{n1, n2, . . . }{N} 
onne
ts the node ni to the node N ,for all i = 1, 2, . . . , using the ma
ro n
-ma
ro.
• \n
star [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{n1 l1, n2 l2, . . . }{N} 
onne
ts the node ni tonode N , for all i = 1, 2, . . . , using the ma
ro n
-ma
ro. Moreover, it puts the label li on the
onne
tion ni�N , for all i = 1, 2, . . . , using the ma
ro n
-label . It is important to rememberthat the node ni and the label li are separated by a spa
e in the list. If the label 
ontainsspa
es, then it must be en
losed in double 
urly bra
es, i.e., ni {{li}}.
• \n
star [keys ℄ {arrows} {n
-ma
ro}[n
-label ℄{n1 ncl1 l1, n2 ncl2 l2, . . . }{N} 
onne
ts node

ni to node N , for all i = 1, 2, . . . , using the ma
ro n
-ma
ro. Moreover, it puts the label lion the 
onne
tion ni�N using the ma
ro ncli for all i = 1, 2, . . . . If for some i, ncli is empty,then the ma
ro n
-label is used. In other words, the n
-label is the default ma
ro for labeling
onne
tions when su
h ma
ro is not expli
itly present in the list. It is important to rememberthat the node ni and the label li are separated by a spa
e in the list. If the label 
ontainsspa
es, then it must be en
losed in double 
urly bra
es, i.e., ni ncli {{li}}.
0 1 2 3

-2

-1

0

1

2

x1

x2

x3

� �1 \begin{pspi
ture}[showgrid℄(0,-2)(3,2)2 \pssignal(1,1){x1}{$x_1$}3 \pssignal(1,0){x2}{$x_2$}4 \pssignal(1,-1){x3}{$x_3$}5 \ps
ir
leop(2.5,0){oplus}6 \n
star{->}{n
line }{x1,x2,x3}{oplus}7 \end{pspi
ture}
� �

-2 -1 0 1 2
-1

0

1

2

a

b

cd
1

2 3

� �1 \begin{pspi
ture}[showgrid℄(-2,-1)(2,2)2 \pssignal(-1.5,0){a}{$a$}3 \pssignal(0,1.5){b}{$b$}4 \pssignal(1.5,0){
}{$
$}5 \pssignal(0,0){d}{$d$}6 \n
star{n
line}[naput℄%7 {a $1$,b {{$2$ $3$}},
}{d}8 \end{pspi
ture}
� �
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0 1 2 3 4 5
-2

-1

0

1

2

a

b

c

y

x1

x2

x3

� �1 \begin{pspi
ture}[showgrid℄(0,-2)(5,2)2 \psblo
k(1,1){a}{$a$}3 \psblo
k(1,0){b}{$b$}4 \psblo
k(1,-1){
}{$
$}5 \ps
ir
leop(3,0){oplus}6 \pssignal(4.5,0){y}{$y$}7 \psset{labelsep=.1,npos=.25}8 \n
star{->}{n
line }[naput℄%9 {a $x_1$,b $x_2$,
 nbput $x_3$}{ oplus}10 \n
line{->}{oplus}{y}11 \end{pspi
ture}
� �4 ExtrasIn addition to the ma
ros introdu
ed in Se
tion 3, the pst-sigsys pa
kage de�nes some extra styles,bra
e ma
ros, and new keys that are introdu
ed in this se
tion. Their usages are shown in Se
tion 5with some examples.4.1 New StylesThe pst-sigsys pa
kage de�nes a few useful PSTri
ks styles for drawling arrows and dashed linesas shown in Figure 15. Some of these styles, whi
h are shown in Figure 15b, 
an be used only withthe pstri
ks-add pa
kage.Default arrowArrowDefault dashDashDefault lineGraphStem (a) pstri
ks styles ArrowInDashDot(b) pstri
ks-add stylesFigure 15. New styles

-1 0 1 2 3 4 5
-1

0

1

2

0 1 2 3 4

� �1 \begin{pspi
ture}[showgrid℄(-1,-1)(5,2)2 \psset{style=Stem ,line
olor=blue}3 \psstem[stemtag℄{2,1.5,1,.5,0}4 \end{pspi
ture}
� �



4 Extras 24In addition, the pst-sigsys pa
kage de�nes the style RoundCorners that makes the followingsettings:framesep=0.125framear
=0.25linear
=0.1The author believes that when drawing blo
k diagrams, it is more elegant to have round 
orners.
-3 -2 -1 0 1 2 3 4

-2

-1

0

1

x[n] b H(z) y[n]

� �1 \begin{pspi
ture}[showgrid℄(-3,-2)(4,1)2 \psset{style=RoundCorners ,style=Arrow}3 \pssignal(-2.5,0){x}{$x[n℄$}4 \dotnode(-1.25,0){dot}5 \psblo
k(0,0){H}{$H(z)$}6 \ps
ir
leop(1.5,0){oplus}7 \pssignal(3,0){y}{$y[n℄$}8 \n
list{n
line}{x,H,oplus ,y}9 \n
bar[angle=-90,arm=.75℄{dot}{oplus}10 \end{pspi
ture}
� �4.2 Bra
e Ma
rosThe pst-sigsys pa
kage de�nes four new ma
ros \psBra
eUp, \psBra
eDown, \psBra
eRight, and\psBra
eLeft that are derived from the \psbra
e ma
ro (using the \newpsobje
t ma
ro) de�nedby the pstri
ks-add pa
kage. They all have the same syntax that is the same as that of the\psbra
e ma
ro. The usage of these ma
ros is shown by the following examples:

0 1 2 3 4 5
0

1

2

3 Up
Down RightLeft

� �1 \begin{pspi
ture}[showgrid℄(5,3)2 \psframe(1,1)(4,2)3 \psset{line
olor=blue}4 \psBra
eUp[nodesepB=-.5℄(4,2)(1,2){Up}5 \psBra
eDown(1 ,1)(4 ,1){Down}6 \psBra
eRight(4 ,1)(4 ,2){Right}7 \psBra
eLeft(1 ,2)(1 ,1){Left}8 \end{pspi
ture}
� �

0 1 2 3 4
0

1

2

3

b

bupdown
� �1 \begin{pspi
ture}[showgrid℄(4,3)2 \psset{line
olor=red}3 \dotnode(1,1){a}4 \dotnode(3,2){b}5 % ---------------------6 \psset{line
olor=blue}7 \psBra
eUp*(b)(a){up}8 \psBra
eDown*(a)(b){down}9 \end{pspi
ture}
� �



4 Extras 254.3 Golden RatioThe pst-sigsys pa
kage de�nes four keys gratioWh, gratioWv, gratioHh, and gratioHv for de-termining the frame size by the golden ratio ϕ de�ned as
ϕ =

1 +
√
5

2
≈ 1.61803398875 .The an
ient Greeks thought a re
tangle is the most pleasing to the eye if its edges a and b werein the proportion a : b = ϕ [2℄. In the gratio keys, the 
apital letters W and H stand for the widthand the height of the frame, respe
tively. The ending letters h and v imply whether the frame ishorizontal or verti
al, respe
tively. In a horizontal frame, the longest edge is horizontal while in averti
al one, the longest edge is verti
al.The four aforementioned keys set one of the edges of a frame as spe
i�ed by the user anddetermine the other one by the golden ratio ϕ as follows:

• The key assignment gratioWh = a sets the width of the frame to a and the height to a/ϕ asin Figure 16a.
• The key assignment gratioWv = a sets the width of the frame to a and the height to aϕ asin Figure 16b.
• The key assignment gratioHh = a sets the height of the frame to a and the width to aϕ asin Figure 16
.
• The key assignment gratioHv = a sets the height of the frame to a and the width to a/ϕ asin Figure 16d.

a

a
/
ϕ(a) gratioWh = a

a

a
ϕ(b) gratioWv = a

aϕ

a(
) gratioHh = a

a/ϕ

a(d) gratioHv = aFigure 16. Setting the size of a frame by the golden ratio ϕ

0 1 2 3 4 5 6
0

1

2 a b 
 d � �1 \begin{pspi
ture}[showgrid℄(6,2)2 \psfblo
k[gratioWh=1℄(.5,1){a}{a}3 \psfblo
k[gratioWv=1℄(2,1){b}{b}4 \psfblo
k[gratioHh=1℄(3.5 ,1){
}{
}5 \psfblo
k[gratioHv=1℄(5,1){d}{d}6 \end{pspi
ture}
� �



5 Examples 264.4 Frame Width and HeightWhen drawing blo
k diagrams, it is sometimes useful to 
hange only the width or the height of aframe. This goal is a
hieved through the keys framewidth and frameheight.
0 1 2 3 4 5 6

0

1

2 a b ↓2

� �1 \begin{pspi
ture}[showgrid℄(6,2)2 \psset{framesize=1 .5}3 \psfblo
k[framewidth=.5℄(1 ,1){a}{a}4 \psfblo
k[frameheight=1℄(3,1){b}{b}5 \psdsampler(5,1){
}{2}6 \end{pspi
ture}
� �4.5 Fill ColorTo emphasize the fun
tions of some blo
ks in a diagram, it is useful to 
olor them. For this purpose,both the fillstyle and the fill
olor keys must be set. This 
ould be 
umbersome when manyblo
ks are to be 
olored. Sin
e almost always the �ll style is solid, it makes sense to de�ne a singlekey that automati
ally sets the �ll style to solid. The key FillColor plays this role.

0 1 2 3 4 5 6
0

1

� �1 \begin{pspi
ture}[showgrid℄(6,1)2 \psset{fillstyle=
rosshat
h*}3 \psframe[fill
olor=red℄(1 ,0)(2 ,1)4 \psframe[FillColor=blue℄(3 ,0)(4 ,1)5 \end{pspi
ture}
� �5 ExamplesIn this se
tion, we provide some examples to illustrate the bene�ts and usages of the ma
ros, styles,and keys de�ned in Se
tions 3 and 4. Some of these examples require the use of additional pa
kages.In that 
ase, additional pa
kages are mentioned next to the example number.



5 Examples 275.1 Complex NumberExample 1. (use pstri
ks-add) Show the 
omplex number c = a + jb = ρejθ as a point in the
omplex plane.

-1 0 1 2 3
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0

1

2

3

ℜ

ℑ

b

a

b ρ

θ

� �1 \begin{pspi
ture}[showgrid℄(-1,-1)(3,3)2 %--- Drawing axes ---3 \psaxeslabels[xlpos=t℄(0,0)(0,0)(3,3)4 {$\Re$}{$\Im$}56 %--- Defining some useful nodes ---7 \dotnode[line
olor=purple ℄(2 ,2){
}8 \pnode (0,0){org}9 \pnode (2,0){a}10 \pnode (0,2){b}1112 %--- Conne
ting nodes ---13 \n
line{org}{
}14 \n
star[style=Dash,line
olor=gray℄15 {n
line }{a,b}{
}1617 %--- Labeling ---18 \
olor{blue}19 \psset{line
olor=blue,nrot=:U}20 \psBra
eDown*(org)(a){$a$}21 \psBra
eLeft*(b)(org){$b$}22 \n
line[offset =.25℄{|*-|*}{org}{
}23 \n
put *{$\rho$}24 \psar
[line
olor=gray℄(org){.75}{0}{45}25 \rput(1;22.5){$\theta$}26 \end{pspi
ture}
� �



5 Examples 285.2 PlottingExample 2. (use pst-plot) Draw the sampled sequen
e x[n] = xc(πn/4), where
xc(t) =

{

sin(t) , t ≥ 0

0 , t < 0 .

-3 -2 -1 0 1 2 3 4 5 6 7 8 9
-2

-1

0

1

2

n

x[n]

1 2 3 4

5 6 7

80

1

−1

� �1 \begin{pspi
ture}[showgrid℄(-3,-2)(9,2)2 %--- Drawing axes ---3 \psaxeslabels(0,0)(-3,-2)(9,2){$n$}{$x[n℄$}45 %--- x_
(t) ---6 \psplot[style=Graph ,style=Dash ,line
olor=gray℄{0}{8}{x 45 mul sin}78 %--- x[n℄ ---9 \psset{style=Stem ,line
olor=teal,10 stemtagformat={\
olor{blue}\s
riptstyle}}11 \psstem (0,-1){0,0,0}12 \psstem[stemtag℄(1,1){.707107,1,.707107,0,-.707107, -1, -.707107,0}1314 %--- Labeling the origin ---15 \uput[ -45℄(0,0){$\
olor{blue}\s
riptstyle 0$}1617 %--- Horizontal ti
ks ----18 \psset{line
olor=gray}19 \psTi
k (0,1)20 \psTi
k (0,-1)21 \uput[180℄(0,1){$\s
riptstyle 1$}22 \uput[180℄(0, -1){$\s
riptstyle -1$}23 \end{pspi
ture}
� �



5 Examples 295.3 SamplingExample 3. (use pst-plot and multido) Consider the pro
ess of sampling a 
ontinuous-time signal
xc(t) with period T : (1) multiply xc(t) by the impulse train s(t) =

∑

∞

n=−∞
δ(t − nT ) to get

xs(t) = xc(t)s(t), and (2) 
onvert every delta in xs(t) into a sample to get the sequen
e x[n].Demonstrate this pro
ess for the 
ontinuous-time signal xc(t) = 0.5 sin(πt/2) + 0.5 and T = 1.

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
-5

-4

-3

-2

-1

0

1

t

xc(t)

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

t

s(t)

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

t

xs(t)

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

n

x[n]

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

� �1 \begin{pspi
ture}[showgrid℄(-7,-5)(7,1)2 \psset{plotpoints=500,stemtag}3 %--- x_
(t) ---4 \psaxeslabels(0 ,0)( -7 ,0)(7 ,0){$t$}{}5 \rput[tl℄(-7,1){$x_
(t)$}6 \psplot[style=Graph ,line
olor=blue℄{-6}{6}{x 90 mul sin .5 mul .5 add}7 \multirput( -6 ,0)(1,0){13}{\psTi
k[line
olor=gray℄{90}(0 ,0)}8 \multido{\nn= -6+1}{13}{\ rput[t℄(\nn , -.25){$\s
riptstyle\nn$}}910 %--- s(t) ----11 \rput(0,-1.5){\psaxeslabels(0 ,0)( -7 ,0)(7,0){$t$}{}12 \rput[tl℄(-7,1){$s(t)$}13 \psstem[style=Stem ,stemhead=>,line
olor=blue℄(-6,1)14 {1,1,1,1,1,1,1,1,1,1,1,1,1}}1516 %--- x_s(t) ---17 \rput(0,-3){\psaxeslabels(0 ,0)( -7 ,0)(7,0){$t$}{}18 \rput[tl℄(-7,1){$x_s(t)$}19 \psplot[style=Graph ,style=Dash ,line
olor=gray℄{-6}{6}20 {x 90 mul sin .5 mul .5 add}21 \psset{style=Stem ,stemhead=>,line
olor=blue}22 \psstem[killzero℄(-6,1){.5,0,.5,1,.5,0,.5,1,.5,0,.5,1,.5}}2324 %--- x[n℄ ----25 \rput(0,-4.5){\psaxeslabels(0 ,0)( -7 ,0)(7,0){$n$}{}26 \rput[tl℄(-7,1){$x[n℄$}27 \psstem[style=Stem ,line
olor=blue℄(-6,1)28 {.5,0,.5,1,.5,0,.5,1,.5,0,.5,1,.5}}29 \end{pspi
ture}
� �



5 Examples 305.4 Pole-Zero DiagramExample 4. Draw the pole-zero diagram of a system with the following system fun
tion:
H(z) =

z4 − 2z3 + 2z2

z2 − 4
.

-3 -2 -1 0 1 2 3
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ℜ

ℑ
1 + j

1− j

2−2

� �1 \begin{pspi
ture}[showgrid℄(-3,-2)(3,2)2 \psaxeslabels(0,0)(-3,-2)(3,2){$\Re$}{$\Im$}3 \psset{line
olor=red}45 %--- Pla
ing zeros ---6 \pszero[order =2℄(0,0){z1}7 \pszero (1,1){z2} \nput{90}{z2}{$1 + j$}8 \pszero (1,-1){z3} \nput{-90}{z3}{$1 - j$}910 %--- Pla
ing poles ---11 \pspole (2,0){p1} \nput{-90}{p1}{$2$}12 \pspole (-2,0){p2} \nput{-90}{p2}{$-2$}13 \end{pspi
ture}
� �



5 Examples 315.5 Butterworth FilterExample 5. (use multido) Draw the pole-zero diagram of a �fth-order Butterworth �lter.

-3 -2 -1 0 1 2 3
-3

-2
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0

1
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3

ℜ

ℑ
36◦

� �1 \begin{pspi
ture}[showgrid℄(-3,-3)(3,3)2 %--- Drawing axes ---3 \psaxeslabels(0,0)(-3,-3)(3,3){$\Re$}{$\Im$}4 \ps
ir
le[line
olor=gray℄(0,0){2}56 %--- Angle between poles ---7 \psset{line
olor=gray}8 \psline[style=Dash℄(3;108)9 \psline[style=Dash℄(3;144)10 \psar
[style=Arrow℄{ < - >}(0,0){2.5}{108}{144}11 \rput(2.75;126){\text
olor{gray}{$36^\
ir
$}}1213 %--- Pla
ing poles ---14 \psset{line
olor=red ,s
ale=1.25}15 \multido{\np=108+36}{5}{\pspole (2;\np){p}}16 \end{pspi
ture}
� �



5 Examples 325.6 Region of Convergen
eExample 6. Shade the region of 
onvergen
e (ROC) of a system with the following systemfun
tion assuming it is: (1) 
ausal, and (2) stable.
H(z) =

1

z2 + z − 3

4Sin
e the poles of the system are at z = 1

2
and z = −3

2
, the ROC of the system with the givenassumptions is as follows:

-4 -3 -2 -1 0 1 2 3 4
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ℑunit 
ir
le
1

2
−
3
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Stable Causal

� �1 \begin{pspi
ture}[showgrid℄(-4,-3)(4,3)2 %--- Shading ROCs ---3 \psring[fill
olor=teal!30℄(0,0){.75}{2.25}4 \psdisk
[fill
olor=blue!30℄(0,0)(3,2.5){2.25}56 %--- Drawing axes ---7 \psaxeslabels(0,0)(-4,-3)(4,3){$\Re$}{$\Im$}89 %--- Pla
ing poles ---10 \psset{line
olor=purple,labelsep=.05}11 \ps
ir
le(0 ,0){1.5}12 \rput[b℄{45}(1.68;135){{\s
riptsize\
olor{purple}unit 
ir
le}}13 \ps
ir
le[style=Dash ,line
olor=gray℄(0 ,0){.75}14 \pspole (.75,0){p1} \nput{-45}{p1}{$\tfra
 {1}{2}$}15 \ps
ir
le[style=Dash ,line
olor=gray℄(0 ,0){2.25}16 \pspole (-2.25,0){p2} \nput{225}{p2}{$\s
riptstyle -\tfra
 {3}{2}$}1718 %--- Labeling the stable and 
ausal ROCs ---19 \rput*(1.5;45){\s
riptsize Stable}20 \rput*(3;45){\s
riptsize Causal}21 \end{pspi
ture}
� �



5 Examples 335.7 Blo
k DiagramsExample 7. Draw the blo
k diagrams of two systems H1(z) and H2(z) in both parallel and series
ombinations.
-3 -2 -1 0 1 2 3

-1

0

1

x[n] b

H1(z)

H2(z)

y[n]

-4 -3 -2 -1 0 1 2 3 4
-1

0

1

x[n] H1(z) H2(z) y[n]
v[n]

� �1 %=== Parallel Combination ===2 \begin{pspi
ture}[showgrid℄(-3,-1)(3,1)3 \psset{style=RoundCorners ,gratioWh=1.25}45 %--- Defining blo
ks ---6 \pssignal(-3,0){x}{$x[n℄$}7 \dotnode(-1.5,0){dot}8 \psfblo
k[FillColor=red!20℄(0 ,.75){H1}{$H_1(z)$}9 \psfblo
k[FillColor=blue!20℄(0,-.75){H2}{$H_2(z)$}10 \ps
ir
leop(1.5,0){oplus}11 \pssignal(3,0){y}{$y[n℄$}1213 %--- Conne
ting blo
ks ---14 \psset{style=Arrow}15 \n
line {-}{x}{dot}16 \n
angle[angleA=90,angleB =180℄{ dot}{H1}17 \n
angle[angleA=-90,angleB =180℄{dot}{H2}18 \n
angle[angleB =90℄{H1}{oplus}19 \n
angle[angleB=-90℄{H2}{oplus}20 \n
line{oplus}{y}21 \end{pspi
ture}22 %23 \hspa
e{1
m}24 %25 %=== Series Combination ===26 \begin{pspi
ture}[showgrid℄(-4,-1)(4,1)27 \psset{style=RoundCorners ,gratioWh=1.25}2829 %--- Defining blo
ks ---30 \pssignal(-3.5,0){x}{$x[n℄$}31 \psfblo
k[FillColor=red!20℄(-1.25,0){H1}{$H_1(z)$}32 \psfblo
k[FillColor=blue!20℄(1.25,0){H2}{$H_2(z)$}33 \pssignal(3.5,0){y}{$y[n℄$}3435 %--- Conne
ting blo
ks ---36 \n
list[style=Arrow℄{n
line}[naput℄{x,H1,H2 $v[n℄$,y}37 \end{pspi
ture}
� �



5 Examples 345.8 C/D ConverterExample 8. Draw the blo
k diagram of a 
ontinuous-to-dis
rete-time (C/D) 
onverter.

-2 -1 0 1 2 3 4 5 6 7
-2

-1

0

1

2

xc(t)

s(t) Conversion fromimpulse train todis
rete-timesequen
e x[n]
xs(t)

C/D Converter
� �1 \begin{pspi
ture}[showgrid℄(-2,-2)(7,2)2 \psset{style=RoundCorners}34 %--- Defining blo
ks ---5 \pssignal(-1.75,0){x
}{$x_
(t)$}6 \ps
ir
leop[operation=times℄(0 ,0){otimes}7 \pssignal(0 ,1.25){s}{$s(t)$}8 \psblo
k[FillColor=blue!20℄(3.25,0){
onv}{\parbox[
℄{3\psunit}%9 {\
entering Conversion from impulse train to dis
rete -time sequen
e}}10 \pssignal(6.5,0){x}{$x[n℄$}1112 %--- Conne
ting blo
ks ---13 \psset{style=Arrow}14 \n
list{n
line }[naput℄{x
,otimes,
onv $x_s(t)$,x}15 \n
line{s}{otimes}1617 %--- Drawing the dashed frame ---18 \fnode[style=Dash ,line
olor=purple,framesize=6 3.25℄(2.25,0){box}19 \nput{90}{box}{\text
olor{purple}{C/D Converter}}20 \end{pspi
ture}
� �



5 Examples 355.9 Dire
t Form IIExample 9. (use multido) Draw the dire
t-form II blo
k diagram of a dis
rete-time LTI systemwith the following system fun
tion:
H(z) =

1− z−1 + 2z−2 + 3z−3

1 + z−1 − 0.5z−2 + 0.75z−3
.
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−1 −1
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−0.75 3

� �1 \begin{pspi
ture}[showgrid℄(-5,-6)(5,1)2 \psset{style=RoundCorners ,style=Arrow}34 %--- Defining blo
ks ---5 \dotnode(0,0){dot1}6 \multido{\nA=1+1,\nB=2+1,\ryA=-.9+-1.8,\ryB= -1.8+ -1.8}{3}{%7 \psblo
k(0,\ryA){D\nA}{$z^{ -1}$} \dotnode(0,\ryB){dot\nB}}8 \multido{\nn=1+1,\ry=0+-1.8}{3}{\ps
ir
leop(-2,\ry){oplusL\nn}}9 \multido{\nn=1+1,\ry=0+-1.8}{3}{\ps
ir
leop(2,\ry){oplusR\nn}}10 \pssignal(-4,0){x}{$x[n℄$}11 \pssignal(4,0){y}{$y[n℄$}1213 %--- Conne
ting blo
ks ---14 \psset{style=Arrow}15 \n
list{n
line }{x,oplusL1,oplusR1,y}16 \n
list{n
line }{dot1,D1,D2,D3}17 \n
line {-}{D3}{dot4}18 \n
list{n
line }{oplusL3,oplusL2,oplusL1}19 \n
list{n
line }{oplusR3,oplusR2,oplusR1}20 \n
star{<-}{n
line }[naput℄{oplusL2 $-1$,oplusR2 nbput $-1$}{dot2}21 \n
star{<-}{n
line }[naput℄{oplusL3 $0.5$,oplusR3 nbput $2$}{dot3}22 \n
angle[angleA=180,angleB =-90℄{dot4}{oplusL3}23 \nbput[npos=.5℄{$-0.75$}24 \n
angle[angleB=-90℄{dot4}{oplusR3}25 \naput[npos=.5℄{$3$}26 \end{pspi
ture}
� �



5 Examples 365.10 Filter BankExample 10. Draw the blo
k diagram of an M -
hannel maximally-de
imated �lter bank.

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
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� �1 \begin{pspi
ture}[showgrid℄(-7,-3.5)(7,.5)2 \psset{style=RoundCorners ,style=Arrow ,gratioWh=1.35}3 \pssignal(-7,0){x}{$x[n℄$} \pssignal(7,0){y}{$y[n℄$}4 \dotnode(-5.5,0){dot1} \dotnode(-5.5,-1.25){dot2}5 \new
ount\
nt67 %--- First and se
ond 
hannels ---8 \
nt=09 \psforea
h{\ry}{0, -1.25}{\advan
e\
nt by 1\relax10 \psfblo
k(-4,\ry){h\the\
nt}{$h_{\the\
nt}[n℄$}11 \psdsampler(-1.5,\ry){ds\the\
nt}{M}12 \psusampler(1.5,\ry){us\the\
nt}{M}13 \psfblo
k(4,\ry){g\the\
nt}{$g_{\the\
nt}[n℄$}14 \ps
ir
leop(5.5,\ry){oplus\the\
nt}}1516 %--- Pla
ing dots ---17 \
nt=018 \psforea
h{\rx}{-5.5,-4,-1.5,1.5,4,5.5}{\advan
e\
nt by 1\relax19 \ldotsnode[angle =90℄(\rx ,-2.125){dots\the\
nt}}2021 %--- M-th 
hannel ---22 \psfblo
k(-4,-3){hM}{$h_M[n℄$}23 \psdsampler(-1.5,-3){dsM}{M}24 \psusampler(1.5,-3){usM}{M}25 \psfblo
k(4,-3){gM}{$g_M[n℄$}2627 %--- Conne
ting blo
ks ---28 \n
list{n
line }{x,h1,ds1,us1,g1,oplus1,y}29 \n
list{n
line }{dot2,h2,ds2,us2,g2,oplus2}30 \n
line{dot1}{dots1}31 \n
angle[angleA=-90,angleB =180℄{ dots1}{hM}32 \n
list{n
line }{hM,dsM ,usM ,gM}33 \n
angle[angleB=-90℄{gM}{dots6}34 \n
list{n
line }{dots6,oplus2,oplus1}35 \end{pspi
ture}
� �



5 Examples 375.11 System Identi�
ationExample 11. Draw the blo
k diagram of an adaptive system used for system identi�
ation.
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� �1 \begin{pspi
ture}[showgrid℄(-5,-3)(4,2)2 \psset{style=RoundCorners}34 %--- Pla
ing the input signal and drawing blo
ks ---5 \pssignal(-4,0){x}{$x_k$}6 \dotnode(-2.5,0){dot}7 \psblo
k(0,-1){AdapSys}8 {\parbox[
℄{1.75\psunit }{\
entering\small Adaptive System}}9 \psadaptive[aoffset=1,afa
=.75℄{->}{AdapSys}( -1.75;60){ AdapSysA}10 \ps
ir
leop(3,-1){oplus}11 \nput{150}{ oplus}{$\s
riptstyle -$}12 \nput{60}{ oplus}{$\s
riptstyle +$}13 \psblo
k(0,1){UnSys}14 {\parbox[
℄{1.75\psunit }{\
entering\small Unknown System}}1516 %--- Conne
ting blo
ks ---17 \psset{style=Arrow}18 \n
line {-}{x}{dot}19 \n
angle[angleA=-90,angleB =180℄{dot}{AdapSys}20 \n
angle[angleA=90,angleB =180℄{ dot}{UnSys}21 \n
angle[angleB =90℄{ UnSys}{oplus} \naput[npos=1.5℄{$d_k$}22 \n
line{AdapSys}{oplus}23 \naput{$y_k$}24 \n
angle[angleA=-90℄{-}{oplus}{AdapSysA}25 \naput[npos=.5℄{$e_k$}26 \end{pspi
ture}
� �



5 Examples 385.12 Adaptive Linear CombinerExample 12. (use multido) Draw the blo
k diagram of an adaptive linear 
ombiner.
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� �1 \begin{pspi
ture}[showgrid℄(-4,-6)(4,.5)2 \psset{style=RoundCorners ,gratioWh=1,radius =.25}34 %--- Signals ---5 \pssignal(-3.25,0){x1}{$x_1[n℄$}6 \pssignal(-1.25,0){x2}{$x_2[n℄$}7 \pssignal(1.25,0){x3}{$x_{k-1}[n℄$}8 \pssignal(3.25,0){x4}{$x_k[n℄$}9 \pssignal(0,-5){y}{$y[n℄$}1011 %--- Gains , dots, and the adder ---12 \psknob ( -3.25 , -1.75){w1} \nput{180}{w1}{$w_1$}13 \psknob ( -1.25 , -1.75){w2} \nput{180}{w2}{$w_2$}14 \psknob (1.25, -1.75){w3} \nput{0}{w3}{$w_{k-1}$}15 \psknob (3.25, -1.75){w4} \nput{0}{w4}{$w_k$}16 \psldots(0,0) \psldots(0,-1.75)17 \ps
ir
leop(0,-3.5){oplus}1819 %--- Conne
tions ---20 \psset{style=Arrow}21 \multido{\nn=1+1}{4}{\n
line{x\nn}{w\nn}}22 \n
star[armA=.75,angleA =-90℄{n
diagg}{w1,w2,w3,w4}{oplus}23 \n
line{oplus}{y}24 \end{pspi
ture}
� �
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, 17angle, 4, 11, 14aoffset, 17FillColor, 26fill
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