
T

I
O v et hl a sf i vy e at e c h n oh ab e ca v at a p
s o n ac o m p u t eu s et p r o dh i g h - q up r io uu n
m o rt h aa h o mc o m p u tc o m m e rs o f ta a l ap rT
p h r a s“ d e s k tp u b l i s h ih ab ec o id e s ct f aw
w h i ci n d i v i d u ac at u ro up r o f e s s i o n ad o cc o
b o tt e xa ng r a p h i cP r e v i o uq u a ld o c up r ow a c
b e r s o mp r o c ei n v o l vt r a d i t im e c h ap r im ea
p r i n t i nj o bc o u lo n lb c a r ro ub p r o f ep r ip o
t hn e c e s s a rt r a i n ia ne q u i p m

A s i g n i f i c a nf a c ti t h ic o m p u t e r - i nr e v oh b t P
S c r i pp a gd e s c r i p tl a n g u( P Dw r ib A dS yI
P o s t S c r i pi a m e ab w h it hd e sa c o no a p o
s e q u e n co p a g es p e c i fo a c o m pc b r e nb a l p
( oa no t h eh i g h - q u a lp r i n td e v is ua a L i n o

T r u e I m a gi a p a gd e s c r i pl a n gd e v eb M i cC o
t i ot h ai b a s eo na nd e s i gt b c o m p aw P o s

A w e la P o s t S c r ic o m p a t i bT r u e Ia li n c ot T
T y pf o nt e c h n o l oi n t r o d ub A pC o mI a p o t
M a c i n t o sS y s t e7 o p e r a ts y s ta i n c o rb M ii
v e r s i o3 .o t hW i n d oo p e r ae n v i r of I P L P
S c r i pf o n t sT r u e T yf o na l lp r i nt eo u ta a s

T m o su s e r sT r u e I mi s i ma t ed e nh i g hl
p r i n t eo u t p u tu s e rc o m p od o c u mo t hc o m( tg r
t a b l eo a nc o m b i n a t ia np r it ho o t hT r up r
T hp r i n t eo u t p ui a f a i t hr e p r o d uo t ho n -d o c

I f a c tT r u e I m ai a c o m p ul a n gt hc b u t d e
p r i n t eo u t p u tW h ea u sc r e aa d o c uu sa p p ls o
s u ca a w o r d - p r o c e so i l l u s t rp r o gh s p et a
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a n c eo t hd o c u m e no s c r eu s it hc o m p um oa k e y
W h e nh p r i n th id o c u m et ha p p l i c aa u t o m ac o nt
d o c u m e n tt a T r u e I m ap a gd e s c r i pp r o gw hi t s v
c a b l et t hp r i n t e rT hT r u e I mp r o gi a s e q uo c o
t h a ta re x e c u t ei o r d eA T r u e I mp r o gf i( w hm ib g e
a t e db f i r sp r i n t i nt hd o c u m et d i si n s to t t p r ii s
p l ya t e xf i lc o n t a i n it hc o m m a nw h ic b v ia e d
u s i n ga t e xe d i t o r
T h ep r i n t ec o n t a i na T r u e I m ai n t e r p ra p r ot he x et
i n - c o m i n gT r u e I m a gp r o g rc o m m a nc o n s t ra p r ie
p a g eo t hc o m p u t e r - b a sd o c u m e

A T r u e I m a gp r o g r ai n ou n l ia p r o gi C B Ao a o tl
g u a g e .H o w e v e rt hk ed i f f e r ei t hT r u e Ip r oa i m
c a s e s ,g e n e r a t eb a a p p l i c a t in ob a h u mp r o g r

T h ec o m m a n dt h am a ku t hT r u e I ml a n ga k na o p
t o r s .T h e r ea ro v e2 5d i f f e ro p e r ao f f ea w ir ao p
g r a m m i n gf a c i l i t i e

T r u e I m a g ep a gd e s c r i p t ip r o g ra rt y p i co t f o lf o
a s h o rh e a d eb l o cc o n t a i n ig e n ei n f o r ma bt d o ca
p r o l o g u es e c t i oi w h i cp r o c e d ua rd e f i( ea p r o ct d a
c o m m o n l y - o c c u r r i n gs h a pa ns e t -p r o c e da p p lt t w
d o c u m e n ta rp e r f o r m ea nt h es e c t id e s c re ai n dp
s e p a r a t e l y .F oe x a m p lt hp r o g rs et t hp r iw ha t e nf
m i x i n gt e xa ng r a p h ip r o d u cu s ia p a g e - lp r oi p r
m i g h tw e lc o n t a ia s h o rh e a dw ic o m ma bt a p p la
t h ef i l ea p r o l o g us e c t id e f i na p r o c et d rs q ua o u
e l e m e n t sc o m m ot e v e rp a gs ua a l o gf o l lb s eo
c o d ei n d i v i d u a l ld e s c r i b ie a cp ai t hd o c u m

I ns h o r ta p p l i c a t i o ns e nd a tt t hp r i ni t f oo e x e cT
I m a g ep r o g r a m sT m o su s et hi t r a n s ph o wa p p
d e v e l o p e r sn e et k n ot hc o m m aa ns t r u co t T r ul
g u a g e ,i o r d et m a kt h es o f t wg e n e ra p p r oo uA i
c e r t a i nc a s ei i u s e f uf ou s et b a bt m o dp r io ub f
g e n e r a t i n ga T r u e I m a gp r o g rf i( bp r i nt d o ct d ia
t h e ne d i t i ni b e f o rs e n d ii t t hp r i n t

1 9 4



I

T o d p
P r i n t e rl ad o wa i m ao t hp aa a m a to t d oT g
t hn u m b eo d o tp eu na ro t hp at h it q uo t
f i n ai m a g eT y p i c a lh o mo o f fl ap r ih a r e o
( 3 0 0 x 3 0 0d o tp es q u ai n cH i g h e r -o ud es a
L i n o t r o n st y p i c a lh a va r e s o l uo ( 2 4 0 0d p i

T r u e I m a gp a gd e s c r i p t id e s c ro u ti t eo g e os
d e f i n en u m e r i c a li t e ro c o o r d i nn a a m ao d T
p r i n t ei t s e lc o n v e rt hT r u e I mc ot a d m a tp e ra p
c e sk n o wa s c ac o n v e r s iH e nT r u ei d ei n di
t h at hq u a l i to t hp r i n t -( ts m o o to c ua p po
g r as c a l ee t c .i l i m i to nb t hp r i nd e vo d o t
r e s o l u t i o nn ob a ni n h e rl i m i t ai t T r u el a n
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T
T h ef o l l o w i nm o d ei u s et d e s c rt hw ai w hT r uo u
i sb u i lu b t hp r i n t eT hi m ao a p ai c o n s tb p l
p a i n to t hp a gi s e l e c ta r e aT hp a i na rc f oa s h
c h a r a c t e r s ,g e o m e t r is h a p el i n es h a da r eT p ac b b l
w h i t e ,g r ao c o l o r eO u t pc ab r e s t r i( c l it a a w i
t h ep a g eW h ea p a gh ab e ef u lc o n s t ri i p r io

A p r i nj om ac o n s io a nn u m bo p a gE ap as ta c
p l e t e l yw h i t eT r u e I m ac o n s t r ua no u t pe ap ai t uw o
t oc o m p l e t i oo e a ci n d i v i dp a gb e fc o m m et n o
T h ep a gw h i cT r u e I m ai c o n s t r u ca a ng it ii k na t
c u r r e n tp a g eW h et hc u r r ep ai c o m pt s h oo pi
u s e dt p r i ni o u t

P a i n tm a r ko a nc o l oa ra l w ao p a qa no b sa p r el
d o w nm a r kw h i ct h eo v e r l aH e nt ho r di w he l eo a
p a g ea rp a i n t eo n tt hp a gd e t e r mw h ia w hv ia
w h i c ha rw h o l lo p a r to b s c u r

P a i n to p e r a t o rp a i ne a ce l e m eo nt hc u r rp aT p r ip
o p e r a t o r sa rf i l ls t r o ks h oa ni m a gf if ia a rs td a
l i n e ,s h od i s p l a yt e xc h a r a c ta ni m ar e na i m ps a
i m a g e ,f oe x a m p la s c a n n e dp h o t o g r

M o s tp a i no p e r a t o rf u n c t iw i tr e f e r et t c u rp aA p i
a s e q u e n c eo c o n n e c ta nd i s c o n n ep o il ia c ut
d e f i n ea s h a pa ni tp o s i t io t hp a gP ac o n s t ro p es
a sn e w p a t hm o v e t ol i n e tc u r v ea na ra u st b uu t c
r e n tp a t hT h e so p e r a t od n om at hp a gt hm ed ea s
a n da p o s i t i oo t hp a gt h at hp a io p e r ac w ow iF e
p l e ,f i lf i l lt hc u r r e np a ta ns ho u t pt es t a ra t e n do
t h ec u r r e np a t h

A s u b p a t hi a s e r i eo c o n n e cl is e g m( id e fb o p e
o t h e rt h am o v e ta nr m o v e t oA p ac o n so o o m s u b
A s u b p a t hm ab c l o s eb t hc l o s e po p e r aw hj oa s u b
e n d p o i n tt i ts t a r t i np o i n
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A c o l l e c t i oo s e t t i nk n oa t hg r a ps td e tt w i
w h i cp a tc o n s t r u c ta np a io p e r aa i n t ea h t
a p p e a r a n co p r i n to u t pG r a p hs ts e ti np a
s u ca t hc u r r ep a tl it h i c k nl ip a ta c uf T
g r a p h i cs t a ti d e s c r i bf u li a f o l l os e cs t ao p 1
M a no p e r a t oc h a nt hg r a p hs tw ht ha e xT
o p e r a t o r sg s a va ng r e s t oa rp r o vt s aa r et c
s t a t ee n a b l i na T r u e I mp r o gt r e vt a p a r tk s a
a nt i m eF oe x a m p lt hs t r oa nf io p e rb r et c
p a tt e m p tw h et h ea re x e c uT s t ra f a p at f
i ns e q u e n co o p e r a t ow o ub e x e c u

P a tc o n s t r u c t io p e r a td e f i nt hp a
g s a v- t s a vt hg r a p h is t ac o n t a it d e fp
s t r o k- t s t r o kt hp a t
g r e s t o r- t r e s t ot hs a vs t aa nt o c u rp
f i l- t f i lt hp a t

T hc u r r e nc l i p p ip a td e f it ha ro t p at w ho i
c o n f i n e dT hc l i p p ip a tw h ii p ao t g r as tc b a
t r a r i lc o m p l e x

A T r u e I m a gp a gd e s c r i p tn o r mc o n so m o pc
T hr e c u r r i np a t t eo o p e r a ti a f o l l

L ad o wa p a tu s ip a tc o n s t r uo p e r a
M o d i fa n e c e s s aa ng r a p hs t as e t ts ua l i n e
P a i nt hp a tu s i np a io p e r a t
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C s
T r u e I m a g ed e f i n ea i d ec o o r d i ns y s tk na u s pA
T r u e I m a g eo p e r a t i oa rd e f i ni t e ro u ss pc o o rT
d e f a u l tu s es p a co r i gi i t hb o t tl e f t -c o ro t p aa
i t sx a ny - a x iu n i ta r1 / 7 2

T h ec o o r d i n a ts y s t et h at hp r i nu st c o n si o ui k
a sd e v i cs p a c eU s es p a ca nd e v is p aa c o m pi n d eo
o n ea n o t h e rT hT r u e I m ai n t e r p ra u t o m a tm au s t
d e v i c es p a cw h ei e x e c u ta T r u e I mp ad e s c r

T h eT r u e I m a gi n t e r p r e tm a pu ss p at d e vs pb m a ia
c u r r e n tt r a n s f o r m a t i om a t r( C T MM u l t i pu ss pc o o
b yt hC Ty i e l dt hc o r r e s p o n dd e vs pc o o r dT C i
p a r to t hg r a p h i cs t a t( s en e xs e c t i

T r a n s p o s i t i o no p e r a t o rs u ca t ht r a n s lr o ta s co p e
c h a n g et hr e l a t i o n s hb e t w eu sa nd e vs pb m o dt
C T M ,e n a b l i np a go u t pa ni n d i v ig r ae l et b p
t i o n e d .F oe x a m p l et ha r eo a p ao w h ia l ap r ic p
o u t p u ti n o r m a l ll e st h at hw h op a gt hi u s ua s mb o
a r ya r o u nt ho u t s i do t hp a gw h ic a nb p a i nI i o fu s
t om a kt hu s es p a co r i gm at a c o ro t hi m a ga rA
t h ed e s i r er o t a t i oa ns c a l io o u t pi s u b jt c h aa u sm
w i s ht p r i nl a n d s c ap a go t h u m b nm i n i ap a

S i n c et hC Ti p a ro t hg r a p hs t aa u s ep r o g rt e c
i st u st r a n s p o s i t i oo p e r a t oi c o m b i n aw ig sa g rt
t r a n s p o s ea s i n g lg r a p he l e m eF oe x a ma t es tm b
p r i n t e di s e v e r ad i f f e r eo r i e n t a tb e n c l ot r oa s
c o m m a n d sw i t h is u c c e s s ig s a vg r e s tp a iE ac o o rr o
i so n la u - r e nw h et hs t r ii p r i n tA lo tp ae l ea u
f e c t e db t hr o t a t i o

I nf a c ti i m o rc o n v e n i et t h io t ht r a n s p oo p ea t r
p o s i n gu s ec o o r d i n as p ar e l a tt i td e f ao r iu ns a o
e n t a t i o n ,a nt h ii t hc o n v e n tw s h aa d oi t hc h a
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G
T hT r u e I m a gi n t e r p r em a i n ta c o l l eo s e tk a t
g r a p h i cs t a t eT h e ss e t t id e ft ha c ta p p eo o ug
a t ew h eT r u e I m ao p e r a ta re x e c uS oo p ec t
g r a p h i cs t a te i t hd i r e co a a s ie f ft t hm f uF
e x a m p l et hs e t l i n e w io p e r as et w io l ia t f o
a t o ri a d d i t it f i l l it hc u r rp aa lr et c up t
e m p t yG r a p h is t a tc ab s t oa r e t r it a s to t
g r a p h i cs t a ts t a cS t ao p e r a ti e x p li t f o ls e
T hp a r a m e t et h am a ku t hg r a ps ta rf o lF ue x
t i ow i lb f o u ni t hr e l e vo p e ra o p ec a td e s

Parameter value Default (if any) Operators ~irectly
aftecting the parameter

C TC u r r et r a n s f o r m am a t( M m t
i t m f u s c c u s r
d t d s c t d s s

c T p c B s
s

p C p inu s U P c
o

p C p a d b p c E P c
s o o

c P d a b t w I a c
p o i c o p e

f C s f s

l w T t o l i u c 1 s
n u

l c L e s B e s

l j L j s M s

h G s s o c i s
s

t M o u g s t s
d g s

f S o c s s

m l M l o a m I 1 s

d p P u f d l S l s

d C o (
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T l f
P e

T h eT r u e I m a gi n t e r p r e tr e c e ia T r u e Ip ad e s ca a
s e q u e n c eo o b j e c tw h i ci e x e c ui t uT p ad e si
r e c e i v e da a s t r e ao c h a r a c tw h it hi n t e rs cl of
t o k e n( s h o rc h a r a c ts e q u e n ct hd e fo b j eO b jm b d
( n u m b e r sb o o l e a ns t r i na na r r ao p r o ge l e( no p
t o ra np r o c e d u r e sW h ae x e c u to a p a r t io ba c te n
d e p e n du p ot ho b j e c tt y pO b j ea rp r o cu sa d s t
k n o w na t ho p e r a ns t a cT hi d e s c rb e l

R s c
A n yp r i n t a b lc h a r a c t ei t hA S Cc h a r as m b u i T r
a g ep r o g r a m sp l ut hw h i t e s pc h a r a c( s pt a n e wT
f o l l o w i n gs p e c i ac h a r a c t eh a vp a r t i cm e aw ia p r o( )
< > [ ] { } / a n7 0T h es i g n i f i ci e x p li t f o ls
t i o n sC h a r a c t e ro t h et h ap r i n t aA S Ca w h i tc h am
b eu s ei a p a gd e s c r i p t ih o w e vt h eu i n r e c os
t h er e s u l to t h e iu sa rn oa l w ap r e d i c tA c h a ri a p
g r a mt h ad n ob e l o nt t hg r oo s p e cc h a r aa r e ft a
r e g u l a rc h a r a c t e r s

C
C o m m e n t si a T r u e I m ap a gd e s c r i pa p r e cb a % c h a
W h e nt hi n t e r p r e te n c o u n ta 7 ci i g n oa c h a ru t t n
n e w l i n ec h a r a c t e ra f t ew h ii r e s us c a nt i n - cc h
s t r e a mf or e c o g n i z a bT r u e I mo b j e c
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T o
T r u e I m a go b j e cm ab a no t hf o l l ot y

i n t e g ed i c t i o n

r e ao p e r a t

b o o l e af i l

a r r am a r

p a c k e d a r r an u l

s t r i ns a v

n a mf o n t

i n t e g e- D e c i mi n t e g ea rr e p r e sb a s to d iw m
h a va s i g ne . g1 0 0– 7+ 1I n t e gm a lb s p ei o b
i t hf o rb a . ~ e # n u n z be .a b i nn u mm ib s pa
2 # 1 0 0 1 1a o c t an u m ba 8 # 7 6o a h e x an ua
1 6 # D E F lD i g i tg r e a tt h9 a rr e p r e sb t l eA – F o a – f
N o n - d e c i m an u m b ec a n nb s i g n

r e a- R e an u m b ea rr e p r e s eb a o p t is if o lb a s
o d i g i t sw h i cm ao p t i o n ac o n ta d e cp oa e xo
b o t hA e x p o n ei r e p r e s eb t hc h a rE o e f ob a
o p t i o n as i ga no no m od i g ie .– 03 8– 44 52

b o o l e a- A b o o l ei e i t ht ro r ~ a

a r r a- A a r r ai a o n e - d i m e n sc o l l eo o bt c b
r e g a r d ea a s i n ge n t i tT hi n d i v io b jw it a n n
b o t hs a mt y pa nc ab o a nT r u eo bt yH a
a r r ac o u lc o n t aa i n t e ga r ea na b o o lA a ra pi a
T r u e I m a gp r o g re n c l oi s q ub r a ce .[ 2 4t ] A e
c u t a b la r r a( a l sk n oa a p r o c e di a s p et o a w
o b j e c tc ab e x e c u ti s e q u e n. 4e x e c ua ra pi a T
I m a gp r o g r ae n c l o si c u rb r a ce .{ a 4 m }

p a c k e d a r r a- A p a c ka r ri s i ma m oc o mr e p ro
a e x e c u t a b la r r aP a c ka r r aa rr e a d -
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s t r i n g- A s t r i ni s t o ra a l io i n t ec h a rc oi t r
O– 2 5 5A s t r i na p p e ai a T r u e I mp r o ge n c lw ib r
e . g .( T h ii a s t r i n gW i t ha s t r it h\ c h a r ai u st e ss p
c h a r a c t e r sa nn o n - p r i n t ic h a r a c t

\ nI i n e f e e( n e w l i n\ o pb r a

b -c a r r i a gr e t u r\ c l ob r a

\ tt a\ do c tc h a rc od - u

\ bb a c k s p a c
t s p ea c h ao u
t hs t a nc h as

\ ff o rf e e\ n e w le no l i( w it n

\ \b a c k s l a s
l ic h a rb e cp
o t s t r

A l t e r n a t i v e l ya s t r i nm aa p p ea a s e q u
e n c l o s e di a n g lb r a c k ee . g< 6 D 6 5 7I t h
i sa s s u m et b O W h i t e s pc h a r a ci
i g n o r e d .

o h e x a dc p
f ic h a ri m ii
a h e x a ds ta

n a m e- A name c ab a ns t r io r e g u( n o n - sc h at
c a n n o tb i n t e r p r e t ea a n u m b eN a ms t af v a r iV a rc
b eo t hf o l l o w i nt y p ei n t e gr e ab o o la r rp aa rs t
d i c t i o n a r y ,f i lo f o n t IA t hi n t e r p re n c o ua n i w
a t t e m p tt e x e c u ti tT hm e a n io e x e c uf d i f ft yo o b
i sd e s c r i b ei t hs e c t ie n t i t lE x e c u tA n ai m m ep r
b ya / o / i t r e a t ed i f f e r e nb t hi n t e r p rT hi a ld e si
t h es e c t i oe n t i t l eE x e c u t i o

d i c t i o n a r y- A d i c t i o n ai a t a bo k e y - vp a iT k ei a d i
n a r ya rn o r m a l ln a m et h o ut hs t re q u i vo a n m a
b eu s e dT r u e I m a gd i c t i o no p e r a ta l ly t c rd i c t
i n s e r tk e y - v a l up a i ri n td i c t i o n a rl ou v a li a d i cb
k e y .a np e r f o rv a r i oo t ho p e r a t iT r u e Ia u t o mm
t a i n sa u s e r d i cw h i cn o r m a lc o n t at hc u rp r o gn a
p r o c e d u r ed e f i n i t i o na na s y s t e m di w ht a c ta s s
w i t ho p e r a t o ra rl o o k eu pe r r o r di a d i c t il i se rn
a n da s s o c i a t ee r r o r - h a n d lp r o c e d uD i c t i oa m a n
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u s i nt hd i c t i o n as t a cS et hs e c to s t ao p 2 T r
f o n ta ra l sd i c t i o n a ri w h it hk ea c h a rn aa t v
u ep r o c e d u r ef or e n d e rt hc h a r a cs h a

o p e r a t o- A o p e r a ti o no T r u e I mb u ic o ms a
a do f i l lO p e r a t oa ri d e n t ib n aW ht i n te n
t e ra o p e r a t oo b j e ci l o ou t ha s s o ca ca p ei T
u s ei f r et r e d e f it ha c t ia s s o cw ia T r uo p
n a m e

f i l- A f i li a r e a d a bo w r i t as e q uo c h a rT rf
o p e r a t o rc ab u s et c r e aa nm a n i pf io b jT r up
v i d et ws t a n d af i l et hs t a n di na s t ao uf T
s t a n d a ri n p uf i li n o r m at hs o uo t p ad e s cp r
b e i ne x e c u t et hs t a n do u t pf ii t d e s t if t i n
e r ’e r r oa ns t a tm e s s a g

m a r- A m a ro b j ei u sa a p l a c e - hi t s tA ra s
o p e r a t o rm a ku so t hm a r

n u l- T hi n t e r p r e tu s en uo b j et f iu n i n i tp o si c
p o s i to b j e c ts u ca a r r ao d i c t i o nw ht ha c r

s a v- A s a vo b j ei a s n a p so T r u e I mm e mS o ba
u s eb t hs a va nr e s t oo p e r a t

f o n t I- A f o n t Ii a u n i qf oi d e n t ii n s ea a v ai a f d
t i o n a r y

A r r a y ss t r i n ga nd i c t i o n aa rk n oa c o m po b jW c
i eo t h e st y p eo o b j ea rm a dt hc o ps hd w t o r
W h ea no t h ek i no o b j ei c o p ia s e pc o i v i
m a d e
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S
A s t a ci a d a ts t r u c t uo n tw h it hi n t e rp l( p u
o b j e c t sa nf r ow h i ci r e m o v( op o po b j eA a g it o
t h et o p m o so b j e c to t hs t ac ab a c c e sT r u eo p ep
o b j e c t sb e t w e eo na n o t hu s it ho p e rs t aA e xu
s i m p l ea r i t h m e t iw i ls e rt d e m o n s tt hp r i n cS u pt t
s t a c kc o n t a i ns e v e r ao b j e c tt ht ot wb e it i n to b1 a
23. ‘

I ft hT r u e I m a gi n t e r p r e tn e xe n c o u nt o p e ra i r e
t h et ot wi t e m sa d dt h ea np ut h es ub ao t o t s t

H
3

( As t r i n g

1 4 .

[ 1 2 3

N o ws u p p o st h ai i r e q u i rt m u l t it ht o b j3 b t t
o b j e c t ,t hr e an u m b e1 4 .T ho p e r am uw im u lt n u
t o g e t h e r ,h o w e v e rl i ka ditc ao nu st ht t s te l eA
t h i sp o i nd i r e cs t a cm a n i p u l a tc o mi u s eT r o p
r o t a t e so b j e c to t ht oo t hs t a cm p r e p a rf o to p et
u s e .r o ln e e dt wp a r a m e tw h im ut h e m sb t af t
s t a c k .T hp r o g r as e q u e n3 – r of i rc a ut i n t et p t
t w op a r a m e t e ro n tt hs t a c

2 0 4



I

El–

3

H3( s t r i n g

1 4 .

t h et hr o lo p e r a ti m m e d i ar e m ot h

B3( s t r i n g

1 4 ;

[ 1 2 3

a nr o t a t et ht h r et o p m oe l e m ei nt n o rs hT v
3 a n– i n s t r ut hr o lo p e r at r o tt t t he l eb r
t ht h i re l e m e nt t ht o pa nm o vt o tt d o p o

H1 4 .

3

( s t r i n g

w
N ot it wn u m b eo c c u
n or e c e i v ea m uo p e r a t
p r o d u cp l a c eo t hs t a c

tlie t ot ws tp o s iI t i n
t ht ot wo b ja m u la t

H5 2 5 .

( s t r i n g

[ 1 2 3

2



I

T h er e s u l t5 2 5 . 4i
f r o mt ht oo t h
d e s c r i b e di t e r mo t ho p e r as t a c

n oa v a i l at a no t ho p e rt hr ea n u
o p e r as t a cA lT r u e Io p ea c tc b

I na d d i t i ot t ho p e r as t at hT r u e Ii n t e rm a it
o t h e rs t a c k st hd i c t i o n as t a ct he x e c us ta t g r
s t a t es t a c k

T h ed i c t i o n a rs t a ch o l dd i c t i o n at hd e ft v aa s sw
n a m e sa nt ha c t i o np e r f o r mw hp r o c e( e x e ca ra
c a l l e d .

T h ee x e c u t i os t a ch o l dt ho b j e( p r o c eo f ic u rb ee
c u t e da na lp a r t i a le x e c u tp r o c e da nf it hh ab p o
h o l dw h i lt hi n t e r p r e te x e c ua m or e c ee n c o ue x e
o b j e c t .T ht o p m o so b j ei t ho nc u r r eb ee x e cW e x
t i o no t ht o p m o so b j ei c o m p l et ho b ji p o po t t o t
s t a c k .

T h eg r a p h i cs t a ts t a ch o lg r a p hs t as aw it g so p
G r a p h i c ss t a t ea rp o p pf r ot hs t aa nm ac u rb t g r
o p e r a t o r .I k e e p i nw i tt hc h a r a c t e ro t s td s t r
g r a p h i c ss t a t ec ao n lb r e s t oi t hr e v eo rt t hi w ht
w e r es a v e d

T h ef o us t a c ka rc o m p l e t ei n d e p e nf ro a n oT o p
s t a c ki u n d et hc o n t ro T r u e I mp r o gw ho p ec p
a n dp oo b j e c tf r e e lS o md i c t i o no p e r ac b u st m a n
t h ed i c t i o n a rs t a c kh o w e v et ht wT r u e I m a g e - md i c t
u s e r d i c ta ns y s t e m d ic a n nb p o p pT e x e cs ti c
p l e t e l yc o n t r o l l eb t hi n t e r p r eT hg r a ps ts ti m a i
b yt hi n t e r p r e t ei r e s p o nt t hv a r ig r a ps tg sa g
s t o r eo p e r a t o re n c o u n t e r e
I nt h ic h a p t er e f e r e n ct “ t hs t a cr e ft t o p es t
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S
T hs y n t ao T r u e I m ap r o g ri r a tu n uI d if t o
m o so t h ep r o g r a m m il a n g u at hn o te x c eb eF O

T hd i f f e r e ni t h ai T r u e I mp r o gc o m( o pa
p r e c e d eb t h e ip a r a m e t( o p e r aH ea t y pT r up
g r af r a g m e nm i g hb a f o l l o

2 3 add % add 2 & 3
5 r n u% multiply result of 2x3 by 5
100 100 m o v e t% move to coordinate position (100,100)
200 200 l . i n e% draw a line from (100,100) to (200,200)

T h ir a t h es t r a nl o o k io r di u sb e co t w i w t
T r u e I m a gi n t e r p r e tp r o c e si n - c op r o gO r e ca n
b eo b j e c tt hi n t e r p r ep u s hi o nt s t aO r e ca o p
o b j e ct hi n t e r p r e te x e c ut ho p e ru st n uo t t o
t hs t a ca o p e r a n( p a r a m e t eH e nt o p ea lp rt
o p e r a t oi t hp r o g r a ms t ht hi n t e r pr e ct f i

2



E o
W h e nt hT r u e I m a gi n t e r p r er e c e ia o b j( n ua rn
e t c .) i a t t e m p tt e x e c ui tu n l et hp r o gs y ns p eo t h
T h em e a n i no e x e c u t if oe ao t hv a lo b jt yi s u m
b e l o w .

i n t e g eT hn u m bi p u s ho nt hs t a

r e aT hn u m bi p u s ho nt hs t a
b o o l e a nT hb o o l ev a l( t ro f a li p u so nt s t

a r r aA a r r ae n c l o si [ b r a c( d aa ri p uo
t hs t a c
A array enclosed in {) brackets (a procedure) is pushed onto
the stack if it is encountered directly by the interpreter as part
of the in-coming program stream. However, if the interpreter
encounters the procedure indirectly, i.e. by looking up a name
or operator in a dictionary, the interpreter executes each of the
objects in the array in turn.

packed array A packed array is pushed onto the stack if it is encountered
directly by the interpreter as part of the in-coming program
stream. However, if the interpreter encounters the procedure
indirectly, i.e. by looking up a name or operator in a dictio-
nary, the interpreter executes each of the objects in the packed
array in turn

string A string constant enclosed in () brackets is pushed onto the
stack.
A string that has been made executable is pushed onto the exe-
cution stack and the interpreter scans through it, executing in
turn each of the objects that it encounters.

name The name is used as a key and is looked up in the current dic-
tionary. The value associated with the key is executed. This
value will also be an object of some kind.

dictionary The dictionary is pushed onto the stack.

operator The operator is executed. The actions associated with each
operator are described in the Operator section of this chapter.

file The file is pushed onto the execution stack and the interpreter
scans through it, executing in turn each of the objects that it
encounters.

mark The mark is pushed onto the stack.

null No action is performed.

save The save is pushed onto the stack.

fontID The fontID is pushed onto the stack.
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S o m e t i m ei i d e s i r at i n h it he x e co a o bF e x
t a s s o c i a ta n a mw i ta v a lt ho p e rd i u sd t t
o p e r a n d st hn a ma nt hv a lw h ii r ef rt o ps
S u p p o sw w a nt a s s o c it hn an z y v aw t v 5 e
l e nt m } ’ v a r i a b= 5 i a c o n v e n tp r o g rl a nT p
g r al i n

nyvariable 5 d e

w i ln ow o rs i n ct hi n t e r p rw ia t tt e x et n r n
a b lb t r y i nt l o ou a a s s o c iv a lT s u pe xo a
o b j e cw c ap r e c ei w ia / A no b jt ht i n t ee n
w i ta / b e f o ri i s i m pp u s ho nt s t aN ot f s o
e x e c u t i oe n t a ip u s h it ho nt hs ti a c ah / i n
n e e d e d

The program line

/mYvariable 5 def

a c c o m p l i s h et ht a so s e t tm y v a rt 5
T h e ra rc a s ew h ew m aw at hv ao a n at b s u bf
t hn a mi t s e lP r e c e da n ab / a c h it hW t i n
e n c o u n t e ra n a mp r e c eb / i i m m e d il ou t c uv
o t hn a ma nr e p l a ct hn aw it v a lT hp ri s a
s u b s t i t u t i o nt hv a li n oe x e c uT p u ro t f ei t a
p r o g r a mt f o r ct hc u r r ev a lo a p a r t io bt b u i a p
c e d u r e
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I

E a a o
m ae x p l i c i tb m a dl i t e( n o n - e x e co e x eO b j e c t s

u s i n gt hc v l ia nc vo p e r a t oO b j ew it l i ta t ta s
p l yp u s h eo n tt hs t a ct h ot ha re x e c ua l ou a e
c u t e dO b j e c tm aa l sb a s s i ga a c ca t t re iu n l
r e a do n l ye x e c u to n lo n a c c eT h es p eh T r uo p
t o rm ao m an om a n i p u lt h e

E
T r u e I m a g eo p e r a t oc ag e n e re r rf a n u mo r eO
e n c o u n t e r i n ga e r r ot hi n t e r p r er e s t ot s tt t s ti w i
w h e ne x e c u t i oo t hc u r r eo b j eb e gp u st o bo t s t
l o o k su t he r r on a mi e r r o r d ia ne x e ct a s s op r o
D e f a u le r r op r o c e d u rn o r m ai n v ot e r m i nt c up r
a n dw r i t i na e r r om e s s at t hs t a n do u tf i

T r u e I m a g ep r o g r a mm am o d ie r r o r dd e f in e r r o
p r o c e d u r e sf og i v ee r r on a m e

T h ep o s s i b le r r o ra rd e s c r ii t hE r rs e co p a2 E o
t h ep o s s i b le r r o rt h aa o p e r ac ag e n ei l i su nt o p
t o r ’ sd e s c r i p t i o n

6 V m
V i r t u a lm e m o ri t hn a mg i vt t hs t o ra rw ht v ao
T r u e I m a g ec o m p o s io b j e c( a r r ad i c t i o na s t ra h A
p a i ro o p e r a t o r ss a va nr e s t oa l lp r o gt s at s to t
v i r t u am e m o ra nr e s t oi a g aa a l a tj u n cI i g p rt
e n c a p s u l a t ee a cs e p a r ap a go a T r u e Ip ad e s cp r
w i t h i na s a v er e s t o rp a iT h ih at he f f eo f r eu v im e
c o n s u m e db t hp a g ea t h ea re x e c ua r e s tt i ns o
c o n d i t i o n se s t a b l i s hb t hp r o g r ap r o ls e c t

If you are u s i nL e g a l - s i zp a p el ep r i nm e mi a v af u
a sv i r t u am e m o r yW i tt hs t a n dm e mc o n f i ga V M
w i l lb g e n e r a t ew h et hp r i n ta t t e mt p r iI y i nt u
L e g a l - s i z e dp a p e re n s ut h ay oi n s ta a d d i t2 o R a
l e a s t
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S i n ct hm a j o r io p r i n tw oi n v ot p r o do t T
a gi g e a r et s u p p ot ea nf oh a n da a l eT p
i n c l u d e3 b u i l t -T r u e Tf o nw h ia a v a if u a a t
T h e sf o n ta rl i s ti C h a p7 t hT e c hS u p pA d
c o m m e r c i aT r u e T yf o nm ab d o w n lf rt h c oI
a d d i t i ot s u p p o r t iT r u e Tf o nT r u ec a u P o
t y p1 f o n ta nt y p3 ( u s e r - d e ff o nF a g ed i so
f o n ta nr e l a ti s s u er e ft c h a p3 o t hm a n

T y p i c a l la T r u e I m ap r o g rm as i ms e lf of p rs
i na b u i l t - it y p e f aa nw e i ga ns i zi a r e qP r om
b d e f i n et s e l ef r e q u e n t l yf o nO o c c aa d i fc h
s em ab r e q u i r et h ic ab a c h iu sT r uo pI
n e eb ea T r u e I m ap r o g rm ae vb u st d ea f

T r u e T y pf o n ta rc o m p r io c h a r a ce ac h ai d ea a
g r a p h i c as h a pt h ac ab r e n d eo t p aA T r uf i a d
t i o n a rt h ac o n t a iv a r i oi n f o r m aM oi m p o rt d i
c o n t a i nt hn a m eo e v ec h a r ai t f oa f e n a c
r e s p o n d i np r o c e d uf od r a wt hc h a r aI a lc o na nd
t i o n a rw h i ca s s o c i ac h a r a cc on u mw ic h an a

T r u e I m a gr e n d et e xu s ia c o l l e co o p e rt t a s a
a o p e r a na np r ii o t hp aa t c u rp o sA T r
s t r i nc o n s i s to a s e q u e no c h a r a ce ac h a rr e pb a
i n t e g ec h a r a c tc o di t hr a nO– 2 5T r u em e c t a
c o r r e s p o n d i nn a m ea nt he x e c ut p r o cc o r rt t
n a mt r e n d et hc h a r a c tT hc o r r e s p ob e tc oa c
a c t es h a p ec ab c h a n gb c h a nt v ew hd eh
c o d ec o r r e s p ot c h a r a cn a m

Font operators prepare and select fonts for printing. A typical sequence is as
follows:
/Arial findfont
20 scalefont setfont
100 100 moveto
(This is a text message) show

T a t m
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I

f i n d f o n tp u tt hA r i af o nd i c t i o no t hs t as c a lt at d
t i o n a r ya nc r e a t ea c o pi w h it hc h a r a ca s cb t s p
f a c t o ri u s eu n i t sI t h ic a sa f ow h os ii 2 u ss pu i
c r e a t e d .N o t i ct h as i zi d e f i ni t e ro u ss pu nn i t
g r a p h i cp o i n t s( T hm a k e f oo p e r ac ab u st s ca f b d i
e n tf a c t o ri t hx a ny - d i r e c t ia nt r o ta t r a ni s e
m a k e st hf o nl e fo t hs t ab s c a l et c u rf os t
p r i n t st hs t r i n“ T h ii a t e xm e s s a gu s it s e l ef oa s t
f r o mt hp o i n( 1 0 01 0 0 )T hm o v ei n e c e ss it c up o
m u s tb k n o wb e f o ra s t r ic ab p r i n tE ac h a ri a f h a
c e r t a i nw i d t hO r d i n a r ip r i n t ia c h a r au p dt c u rp ob
t h ec h a r a c t e r ’w i d t h

T oa s s o c i a ta n a mw i ta s c a lf o( oa o tm o dc o a
f o n t ) ,t hd e f i n e f o no p e r a ti u sT hn ef om t hb s eb
a u n i q un a ma nn e en ob r e s e ae at i

E f f e c t sc ab a p p l i et c h a r a c tf oe x a mt hm b p ri
c o l o ro i a s e l e c t eg r as c a lT ho u t ls h ao c h a rm b
a p p e n d e dt t hc u r r ep a tu s it hc h a ro p e rT a la
v a r i e t yo e f f e c t ss u ca t hu so a s t ra a m ao ns he n
w i t h i nt hc h a r a c t es h a pm aa p p eo t hp aT f o ls a
p r o g r a md e m o n s t r a t et hu so t he f f e

O setgray
/Helvetica findfont 170 scalefont setfont
newpath 50 130 moveto
(JAPAN) true charpath
2 setlinewidth
c1ip
stroke
.5 setgray
newpakh
300 200 moveto
300 200 40 0 360 arc
fil1
.5 setgray
newpath
8 setlinewidth
0 10 360 {dup 5 add 300 200 300 4 index 3
200 lineto} for
stroke

index arc 300
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c
TrueImage renders characters b c o n v e rt hs h at a b it
c a nb d i s p l a y eo t hp r i n tT a v op e r f ot hc o nf
e a c hs i n g lo c c u r r e no a g i vc h a r ai a s t ro t eT r u
s t o r e s( c a c h e sb i t m ar e p r e s e n t a to c h a r at hi h a lc a
l a t e dT h ia l l o wm u cf a s tp r i n t i

T h i sp r o c e si e n t i r ea u t o m a th o w e vt ha f oo p et
a l l o we x p l i c ic o n t r oo t hf o nc a c h

T h e r ei a m a x i m uc h a r a cs i( ib y tt hi p e r mf c a
b i t m a pi m a g e sC h a r a c t ee x c e e dt hs ia n c a cT hi a
a c o m p r e s s i os i zl i m iC h a r a c ts m ae n ot b c at e x
t h ec o m p r e s s i os i zl i m ia rc a c ha nc o m p r eC o m pc h
t e r st a ku l e ss p a ci t hc a c hb ut al o nt r e ns it
m u s tf i r sb d e c o m p r e s se v et i mT h el i mm b a d ju
t h ef o nc a c ho p e r a t o r

T h ef o nc a c hd o en or e t ac o lo g r a y -i n f o rF t r
s o ns o mg r a p h i co p e r a t on o t at hi m ao p e rm n b u
t od e f i nt hs h a po a c h a r a ct hi t b c a c

d
Font dictionaries contain certain key-value pairs. Some are fixed, while
some may be altered by TrueImage operators. The following key-value pairs
a r em a n d a t o r y

F o n t M a t r ia r r am a t rm a p pc h a r ad e f iu nt
u s es p au n iB u i lf oa d eo a
1 0 0 0 x 1d og r ih et hm ai [ 0
000.0010o]

F o n t T y pi n t e gn u m bi n d i c at y1 f P o s tf o3
f ou s e r - d e f i4 f T r u e

F o n t B B oa r r af o u r - n u ma r rs p e c il o wa
u p p e r - r ic h a r ad e f i nc o o ro
f o nb o u n db ot s m ar e c
e n c l o st hs h ao a c h a ri t f

E n c o d i na r r aa r ro 2 5c h a r an a md e fc h a
c o d e - t o - c h a rn am a p p

—
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B u i l t - if o n ta l sc o n t at hf o l l oe n t r

F o n t N a mname the font’s name

P a i n t ~ pinteger a code describing character appearance
0- filled
1- stroked
2- outlined
3- (setting held in character description)

M e t r i cdictionary width and side bearing (although this is nor-
mally encoded in the character description)

S t r o k e W i d tnumber stroke width for outline fonts ( P a2

F o n t I n fdictionary dictionary containing further information

U n i q u e Iinteger unique font identifier

C h a r S t r i n gdictionary dictionary associating character names with
shape description procedures. (Shape descrip-
tions are stored in a protected format)

P r i v a tdictionary further protected information

W h ef o n ta rn a m eu s id e f i n e fa n k eF Ii i ni t
d i c t i o n a ra na F o n tv a li a s s o c iw ii W ha c o a e
i nf o ni m a n i p u l a ti s ow at hc o pF k e yp s
b d i s c a r d e d
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C e
A sa l r e a dm e n t i o n ef o nd i c t i o n am ac h a rn at s ha
t h ee n c o d i nv e c t om a pc h a r a cc o dt n a mC h an aa
t y p i c a l l yt hc h a r a c ti t s e‘ To ‘ to a d e s c r it es a ‘ a
s a n d ’o ‘ f o u r ’T he n c o d iv e c ti a 2 5 6 - e la rt h t
n a m e so c h a r a c t e ri s u c c e s sa r re l e m eT a ri ni u t
i n d e xt hn a m e sh e n ct ho r do t hc h a r an ai t a rd e
m i n e st hc o r r e s p o n d e nb e t w ei n t ec h a r ac oa t c h
n a m e s .

If a particular code does not have a corresponding name, that position in the
array contains the name . n o t dP r i n ta u n d ec h ap r
n ov i s i b lo u t p u th o w e v eu n d e f ic h a r ad h aa s mw i
c a u s i n gt hc u r r e np o s i t it b u p d a t

W h e na p r i n t i no p e r a ts u ca s ha t t et p ra c h aw ia
s t r i n g( s a yc h a r a c tc o d6 5i f i rl o ou e l e6 i t e n
v e c t o rt f i nt hn a mo t hc h a r a cS u p p ot n ao t c h
i s‘ A ’i t h el o o ku t hp r o c e dv a la s s o cw it n ‘ i
t h eC h a r S t r i n gd i r e c t oo t hc u r rf od i c t ia e xi
r e n d e r i n gt hs h a po n tt hp a g

C h a r a c t e re n c o d i nm ab a l t e rb m o d i ft e n cv eF
e x a m p l e ,i e l e m e n6 o t hv e c ti s et t n a‘ f ot c h
c o d e6 i a s t r i nw o u lb r e n d ea c c o rt t p r od e f
a s s o c i a t e dw i tt hn a m‘ f o ui C h a r S t r
T h u st hm a p p i nf r oc h a r a cc o dt c h a rs hm b f r
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F o nm e t r i ca ra s eo p a r a m ed e f ia c h a rp or e
t t hc h a r a c t ee i t hs i dW i t ha f oc h a rs ha d eo a
g r ic o o r d i n as y s tk n oa t hc h a r ac o o rs y

,
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—

Character“ ~ I
‘

—

y + t
- Character -

width

C h a r a c t er e n d e r ii r e f e r e nt t ho r i( 0o t c h ac
n a ts y s t e mP r i n t io p e r a ts ua s ha lt c h ao
w i tt hu s es p a cc u r r ep o s i tw hp r i nt c h a

A c h a r a c t e r ’w i d ti t hd i s t ab e t wi o ra t p a w
t hn e xc h a r a c t e ro r i gw ib e

The bounding box is the smallest vertical rectangle that will enclose the
character’s shape. The bounding box is expressed in terms of its lower-left
and upper-right hand corners, and is stored in the font directory under the
key F o n t B B o x

T hs i db e a r ii t hd i s t ab e t wt c h a r ao ra t l
e d go t hb o u n d ib o xT hd i s t am b n e g
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M
A p a r tf r os i m p ls p e c i f y ia s i zt hm oc o mf om a n i
t h a ti p e r f o r m eb T r u e I m ap r o g ri t c h at e n cT i
d o n eb m a k i na c o po t hf or e q u id i s c at F k e y
p a i r ,a ni n s e r t i na n ee n c o dv e ci nt c ou nt k
E n c o d i n g .

T h ef o l l o w i ne x a m pd e m o n s t rh ot hE B Ce n cm b
a p p l i e dt a c o po a e x i s t if o nt c r ea n f oT c a s
t h a ta d i c t i o n a rn e w f o n t dh aa l r eb ed e fc o nt
E B C D I Cc h a r a c t ec o d e - t o - c h a r an am a p pT n f i s t
u n d e rt hn a mT i m e s - R o m a n - E B C

/Times-Roman findfont
dup length diet /newfontdict exch def
{ 1 index /FID ne
{newfontdict 3 1 roll put }
{pop pop}
ifelse
} forall
newfontdict /Encoding EBCDIC put
/Times-Roman-EBCDIC newfontdict definefont pop

S i m i l a r l ya f o n t ’m e t r im a ya l t e rT hi d ob m aa c o
t h ef o nr e q u i r e dd i s c a r d it hF Ik e y - vp aa i n sa n
d i c t i o n a r yi n tt hc o p yu n dt hk eM e t rT n d i c ta s
a t e sc h a r a c t en a m ew i te i t ha n ex - w io n( s p ea a s i
n u m b e r ) ,o a n el e fs i db e a r ia nx - w i( s p e ce ia a a
o ft wn u t h b e r so a a a r ro f on u m bw hs p ev e c

I nt hf o l l o w i ne x a m p lt h it e c h n ii u st c r ea n v eo
t h eC o u r i ef o n tN e w - C o u r ii w h it hl e t t“ – Z a “ – z h
t h e i rx - w i d t ha nl e f t - s ib e a r is et 9 0a 5 c h a rc o o
u n i t sr e s p e c t i v e l y( O nc h a r a cc o o r d iu n= 1 / 1o a u s
u n i t ) .

218



/Courier findfont
dup length 1 add diet /newfontdict exch def
{ 1 index /FID ne
{newfontdict 3 1 roll put }
{pop pop}
ifelse
} forall
52 diet begin

[/AIB /c ID /E /F /G /H /1 /J /~ /L /M/N/O /P /Q /R /
s /T /U IV /x /Y /z /a /b /c /d /e /f /g /h /i /j /k /~
/m /n /0 /p /q /r /s /t /u /v /x /y /z]
{50 900 clef}forall
newfontdict /Metrics currentdict put end
/New-Courier newfontdict definefont pop

C a
C r e a t i na n eT r u e T yf oi a s i g n i fu n d e rH i ga
c a t i o ne x i s t tp e r f ot hf u n c ts t n et o c r ea l
o f T r u e I m a gc o dw i lr a r es u r f aB r i ea u s e r - dm c
t a it hr e q u i rf o ne n t r id e s c ra b om uh a F oo
a nm u sa l sc o n t aa p r o c e dc a lB u i lt c o nt
c h a r a c t e ra c c o r d it t hc h a r ac o o r ds y s
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q u e n c yi t hn u m b eo c e lp ei n ca nt hg rm ao r i ea a
a n g l et t hd e v i cc o o r d i ns y s tE ac ec b m a. a p
m a t et a g i v eg r as c a lb h a v ia s ec o m b i no i p ip a
b l a c k ,a nt hr e sl e fa w h i tT hd a rt hg rs ct m p i
a r ep a i n t eb l a c k
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50/. gray scale using the
half-tone screen shown

A T r u e I m a gp r o g r am ar e - d e ft hh a l f -s c rb d e fa p
c e d u r et d e t e r m i nt he x ap i xc o lc o m b i nf a r e q
g r a ys c a l eT h ic ab s eu s it hs e t s co p e r

I fg r as c a l es p e c i f ib T r u e I ma rn oa c c u rr e fo t
p r i n t e r ,a n em a p p i no s p e c i fg rl e vt p r ig rl em
d e f i n e du s i nt hs e t t r a n s ff u n c t i

F c
C o m p l e xp a t ht h ai n t e r s et h e m s e lo t hc o ns u bt
e n c l o s eo t h es u b p a t ha rf i l la c c o r dt o o t r ut n o
w i n d i n gr u la nt he v e n - or u lI e i tc aa rt a j u
i n s i d et hp a ta rp a i n t ea r eo u t st hp aa l eb l

U s i n gt hz e r o - w i n d ir u la p o i ns t ai d e t e ra f o lI
i n ea s t r a i g hl i nf r ot hp o it a p o io u tt p aS tw a
c o u n t e ra z e r oA do nt t hc o u nf oe at it l ii c rb a
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path segment from left to right, and subtract one for each time it is crossed
by a path segment from right to left. If the final result is zero, the point is
outside the path, otherwise it is inside.

The-even-odd rule also imagines a straight line from the point to a point out-
side the path. If this line is crossed an odd number of times by path seg-
ments, it is inside the path, otherwise it is outside.

Polygons are filled in the same manner
irrespective of the direction of the

constituent sub-paths

fill paints paths using the zero-winding rule: eofill uses the even-odd rule. In
some instances each operator yields the same output. In other cases they will
generate different results.
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6.7.3 Clipping path
The clipping path is a path that defines the area of the page in which graphic
output can appear. The clipping path can be any path. This feature enables
images or other graphic elements to be clipped, and also allows interesting
special effects to be achieved.

6.7.4 Importing images
Sampled bitmap images, such as TIFF images, may be rendered as part of a
TrueImage page description. The image operator performs this function.
The image can be from any source; typically it may be read from a file.
Image samples (pixels) may be rendered in up to 256 gray scales.

Images are read as a set of raster rows, from left to right, and from bottom to
top. image always renders the image starting at the point (0,0), so it is usu-
ally necessary to use translate immediately beforehand.
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6.8 Operators
6.8.1 Operator description syntax
This section contains explanation of all TrueImage operators available in the
language version implemented on this printer. The formal specification of
each operator shows the operator name in bold, preceded by its operands
(the objects it takes from the operand stack), and followed by the objects
that it places on the operand stack. A dash preceding the operator name indi-
cates that it takes no operands; a dash following the name indicates that it
returns no result. Hence this notation shows the state of the top of the stack
immediately before and immediately after execution of the operator. The
order in which operands are shown indicates their relative position on the
stack; the rightmost operand is on top.

The names used to describe operands either indicate their object type or the
parameter they represent. any stands for an object of any type, num stands
for an integer or real number, proc represents an executable array or packed
array, matrix is a six-number array, and,font a font dictionary. angle, height
etc. are numbers that represent the suggested parameter.

The symbol 1-represents the bottom of the stack.

6.8.2 Stack operators
pop
anypop-
discards the top stack element.
Errors - stackunderflow

exch
any, anyz exch any2 anyj
exchanges the top two stack elements.
Errors - stackunderflow

dup
any dup any any
duplicates the top stack element.
Errors - stackoverflow,stackunderflow

copy
any, anyz ,.. anyn n copy anyl any2 ... anyn anyl any2 ... anyn
duplicates the n stack elements anyl to anyn.
Errors - invalidaccess, rangecheck, stackunderflow, stackoverflow,

typecheck
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index
anyn any. n indexanyn awoany”
makes a copy of element anvn (the nth element down from the top of the
stack) and puts it on top of the stack.
Errors - rangecheck, stackunderflow, typecheck

roll
anyn.l anyonj rollany(j.1)~~d” anYIJany”.1anyj Mocjn

rotates the elements anyn.l ... any. throughj stack positions. n is the number
of elements rotated. Positivej indicates that elements shift upwards with the
old topmost element(s) inserted at position. Negative j indicates that ele-
ments shift downwards with the former lowest element(s) brought to the top
of the stack.

(1) (2) (3) (4) 3-1 roll=> (1) (3) (4) (2)
(1) (2) (3) (4) 42 roll=> (3) (4) (1) (2)
Errors - rangecheck, stackunderflow, stackoverflow,typecheck

clear
1-any, anynclear-
discards all elements from the stack.

count
1-any, ,.. anyncount 1-anyl anyn n

returns the number of items on the stack.
Errors - stackoverflow

mark
-markmark
pushes a mark object onto the stack. A mark acts as place-holder. The stack
may contain any number of marks.
Errors - stackoverflow

cleartomark
markobjl ... objncleartomark-
discards all objects from the stack above and including the topmost mark
object.
Errors - unmatchedmark

counttomark
markObjl,..ot.)jncounttomark mark objl . . objn n

returns the number of elements on the stack above the topmost mark object.
Errors - stackoverflow,unmatchedmark
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6.8.3 Maths operators
add
numlnum2addsum
returnsthe sum of the two numbers on top of the stack. The result is integer
if both operands are integers, and real otherwise.
Errors - stackunderflow, typecheck, undefinedresult

div
numl num2divquotient
returns the result of dividing nuinl by num2. The result is always real.
Errors - stackunderflow, typecheck, undefinedresult

idiv
intl int2 idivquotient
returns the result of dividing intl by int2.The result is always an integer.
Errors - rangecheck, stackunderflow, typecheck, undefinedresult

mod
intl int2mod remainder
returns the remainder left when dividing intl by int2.The result is always an
integer and has the same sign as intl.
Errors - stackunderflow, typecheck, undefinedresult

mul
numl num2mulproduct
returnsthe product of the two numbers on top of the stack. The result is inte-
ger if both operands are integers, and real otherwise.
Errors - stackunderflow, typecheck, undefinedresult

sub
numl num2subdifference
returns the result of subtracting num2 from numl. The result is integer if
both operands are integers, and real otherwise.
Errors - stackunderflow, typecheck, undefinedresult

abs
numl abs num2

returns the absolute value of numf.
Errors - stackunderflow, typecheck
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neg
numl neg numz
returns the result of multiplying numl by –1.
Errors - stackunderflow, typecheck

ceiling
numl ceiling num2
returns the smallest integer value not less than numl. If numl is a real num-
ber, nuti2 will be also.
Errors - stackunderflow, typecheck

floor
numlfloornum2
returns the largest integer value not greater than numl. If numl is a real num-
ber, num2 will be also.
Errors - stackunderflow, typecheck

round
numl round num2
returns the closest integer value to numl. If numl is equidistant between two
integers, the larger of the two is returned. If numl is a real number, num2
will be also.
Errors - stackunderflow, typecheck

truncate
numl truncate num2
returns the closest integer value obtained by removing fractional part from
numl. If numl is a real number, num2 will be also.
Errors - stackunderflow, typecheck

sqrt
num sqrt real
returns the square root of num.
Errors - rangecheck, stackunderflow, typecheck

atan
numl num2 atan angle
returns the angle, in degrees, whose tangent is numl/num2. The result is real.
numl and num2 cannot both be O.
Errors - stackunderflow,typecheck, undefinedresult
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Cos
angle cos real
returns the cosine of angle in degrees
Errors - stackunderflow, typecheck

sin
angle sin real
returns the sine of angle in degrees.
E’mors- stackunderflow, typecheck

exp
num exponent exp real
returns the result of raising num to the power exponent. The result is a real
number.
Errors - stackunderflow, typecheck, undefinedresult

In
num Inreal
returns the natural logarithm of num. The result is a real number.
Errors - stackunderflow, typecheck, undefinedresult

log
num log real
returns the base 10 logarithm of num. The result is a real number.
Errors - stackunderflow, typecheck, undefinedresult

rand
- rand int

returns a random integer in the range O– 231.
Errors - stackoverflow

srand
int srand -
seeds the random number generator using int
Errors - stackunderflow, typecheck

rrand
- rrand int
returns an integer representing the current position in the random number
sequence. This result may be used by srand to reset the random number gen-
erator to the given position in the sequence.
Errors - stackoverflow
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6.8.4 Logical operators
eq
any, anypeq bool
compares two objects for equality, returning rrue if they are equal, false if
they are not. Simple objects are equal if their types and values are the same.
Composite objects other than strings are equal only if they share the same
value: separate, but identical, values are considered unequal. Strings are
equal if’they are the same length and are made up of the same characters in
the same order. An integer and a real number can be equal to one another, as
can a name and a string.
The executable and access attributes of any, and arzy2need not be the same
for them to be considered equal.
Errors - invalidaccess, stackunderflow

ne
any, any2 ne bool
compares two objects for inequality, returningfdse if they are equal, true if
they are not. Equality of objects is as described above under the eq operator.
Errors - invalidaccess, stackunderflow

ge
numl numpge bool
returns true if nunz] is greater than or equal to mwn2,and,ftilse if numl is less
than nunz2.
Errors - invalidaccess, stackunderflow, typecheck

gt
numl numz gt bool
returns lrue if num] is greater than rwn2, and false if numl is less than or
equal to num2.
Errors - invalidaccess, stackunderflow, typecheck

Ie
numl num2 Ie bool
returns frue if numl is less than or equal to num2,andfalse if numl is greater
than num2.
Errors - invalidaccess, stackunderflow, typecheck

It
numl numpItbool
returns true if numl is less than num2, and false if numl is greater than or
equal to num2.
Errors - invalidaccess, stackunderflow, typecheck

228



and
bool bool and bool
int int and int
If the operands are boolean, and returns true if both are true andfidse other-
wise. If the operands are integers, and converts them to binary, performs a
bitwise ‘and’ operation, and returns the result as a decimal integer.
Errors - stackunderflow, typecheck

not
bool not bool
int not int
If the operand is boolean, not returns the opposite boolean value. If the
operand is an integer, not converts it to binary, performs a bi~wise ‘not’
operation, and returns the result as a decimal integer.
Errors - stackunderflow, typecheck

or
bool bool or bool
int int or int

If the operands are boolean, or returns true if either is true and jizlse if both
are false. If the operands are integers, or converts them to binary, performs a
bitwise ‘inclusiveor’ operation, and returns the result as a decimal integer.
Errors - stackunderflow, typecheck

xor
bool bool xor bool
int int xor int
If the operands are boolean, xor returns zrue if one of them only is true and
false if both are true or both are false. If the operands are integers, xor con-
verts them to binary, performs a bitwise ‘exclusiveor’ operation, and returns
the result as a decimal integer.
Errors - stackunderflow, typecheck

true
- true true
pushes a boolean object with value true onto the stack.
Errors - stackoverflow

false
- false false
pushes a boolean object with value~til.seonto the stack.
Errors - stackoverflow
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bitshift
intl shift bitshift int2
converts int to binary, shifts the binary number left by shift bits, and returns
the result as a decimal integer. Bits shifted out are lost, zeroes are shifted in
from the right. A negative value of shijt causes a right shift to be performed
(which will only be arithmetically correct if the original number is positive).
int and shift must both be integers.
Errors - stackunderflow, typecheck
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6.8.5 Path construction operators
newpath
- newpath -
sets the current path to empty. After a newpath the current point is unde-
fined. Use the moveto operator to set a new current point, and start the defi-
nition of a new path.

currentpoint
- currentpoint x y
returns the user coordinates of the current point, the endpoint of the current
path. Since the TrueImage interpreter always immediately converts points in
the current path to device space coordinates, modification to the .CTM will
change the (x,y) values returned by a given device space point.
Errors - nocurrentpoint, stackoverflow,undefinedresult

moveto
x y moveto -
sets (x,y) to be the current point, thereby starting a new subpath within the
current path. moveto does not add any line segments to the current path. If
the previous current point is not connected to any other point by a line,
moveto causes it to be deleted from the current path.
Errors - Iimitcheck, stackunderflow,typecheck

rmoveto
dx dy rmoveto -
sets the current point relative to the previous current point. (dx, dy) specifies
the coordinates of the new current point in relation to the previous one. If the
current path is empty, a nocurrentpoint error is executed. Otherwise
rmoveto functions in the same way as moveto.
Errors - nocurrentpoint, limitcheck, stackunderflow, typecheck

Iineto
x y lineto -
adds a straight line segment to the current path from the current point to
(x,y). (x,y) becomes the new current point. If the current path is empty, a
nocurrentpoint error is executed.
Errors - nocurrentpoint, limitcheck, stackunderflow, typecheck
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rlineto
dx dy rlineto -
adds a straight line segment to the current path from the current point, (x,y),
to (x+dx,y+dy). (dx, dy) specifies the coordinates of the line endpoint in
relation to the current point. (x+dx,y+dy) becomes the new current point. If
the current path is empty, a nocurrentpoint error is executed.
Errors - nocurrentpoint, limitcheck, stackunderflow, typecheck

arc
x y radius angl ang2 arc -
adds a circular arc to the current path, optionally preceded by a straight line
segment. (x,y) is the arc’s center, radius its radius, angl the angle of eleva-
tion of the arc’s start point and ang2 the elevation of its endpoint. Angles are
counterclockwise from the user space x-axis. The endpoint becomes the
new current point.

If the current path is not empty when arc is invoked, arc includes a straight
line from the cun-entpoint to the arc’s start point. Otherwise no straight-line
segment is included.

If x- and y-axis units have been scaled to different sizes, the arc will appear
elliptical.

Endpoint

----

Current point

Errors - rangecheck, limitcheck, stackunderflow, typecheck
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arcn
x y radius angl ang2arcn -
performs the same function as arc, except that angl and ang2 are interpreted
as clockwise from the user space x-axis.
Errors - rangecheck, limitcheck, stackunderflow, typecheck

arcto
x1yl x2y2 radius arcto xtl ytl xt2 yt2
adds a circular arc to the current path, optionally preceded by a straight line
segment. The arc is defined by the radius radius and two lines, a line from
the current point to (X1,y,), and a line from (X1,y,) to (X2,yp).These lines are
tangential to the arc.
arcto includes a straight line from the current point to the arc’s start point,
unless they coincide.
arcto returns the start and endpoints of the arc, (xtl, ytl ), and (xt2, yt2). The
arc’s endpoint, (xt2, yt2), becomes the new current point.
If x- and y-axis units have been scaled to different sizes, the arc will appear
elliptical.
If the current path is empty, a nocurrentpoint error is executed.

(x2,y2)
9

\
‘\ (xt2,yt2)

d

,
.’

/’ \
/’

.’ \
\\

radius : \
\

Current point :’, (Xl,yl)

(Xtl ,ytl)

Errors - nocurrentpoint, rangecheck, Iimitcheck, stackunderflow, typecheck,
undefinedresult
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curveto
x1 yl x2 y2 X3y3 curveto -
adds a curve to the current path from the current point to the point (x3,y3).
(x~,y~)becomes the new current point. The three parameter points and the
current point define the curve geometrically. The lines from the current
point to (Xl ,Yl), and from (x2,y2)to (x3,y3)are tangential to the curve. The

curve leaves the current point in the direction of (xl ,yl) and approaches the
point (x3,y3) from the direction of (X2,Y2).(X1,YI)and (x2,Y2)arecontrol
points: their positions relative to the current point and (x3,y3) define how
steep the curve is along its length. The curve is always enclosed by the con-
vex quadrilateral linking the four points.

(Xl,yl) ,

~?, ~31y3)

Current (X,,y,) Current ‘
point point (X;,y,)

(x2,y2) (xl ,yl)
*,- -- - - -––- –- -,+

‘\ .’/

A
‘\ /’

‘\ ,,
,\

/’ ‘.

Current (x3,y3)
point

If the current path is empty, a nocurrentpoint error is executed.
Errors - limitcheck, nocurrentpoint, stackunderflow,typecheck

rcurveto
dxl dyl dx2dypdx3dy3rcurveto -
adds a curve to the current path from the current point, (x,y) to the point
(x+dx3,y+dy3). (x+dx3,y+dy3) becomes the new current point- rcurveto
functions in the same way as curveto except that the operand points are
specified relative to the current point.

Errors - Iimitcheck, nocurrentpoint, stackunderflow, typecheck,
undefinedresult
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closepath
- closepath -
closes the current subpath within the current path by adding a straight line
from the current point to the subpath’s starting point, the point moved to
with the most recent moveto or rmoveto operator.
Errors - limitcheck

flattenpath
- flattenpath -
replaces the current path with an equivalent path in which all curved seg-
ments are replaced by a series of straight lines that approximate the curves.
The degree of flattening is determined by the flatness parameter in the cur-
rent graphics state.
Errors - limitcheck

reversepath
- reversepath -
reverses the direction and order of all segments in each subpath of the cur-
rent path. The order of the subpaths within the current path remains
unchanged.

strokepath
- strokepath -
calculates the path that would tightly enclose the shape of the current path, if
it were stroked. The resulting path is made the current path.
Errors - limitcheck

charpath
string bool charpath -
calculates the path formed by the outlines of the characters in string, accord-
ing to the current font’s size and character definitions. charpath adds the
resulting path to the current path. If bool = true, charpath applies stroke-
path to the character path, otherwise it does not. Setting bool to true makes
the resulting path suitable for use with the fill or clip operators, but not with
stroke. If bool = false, the path is suitable for stroking only.

Fonts designed to be stroked have a dictionary Paint~pe value set to 1;
fonts designed for filling have Paint~pe 2; and those designed for outlin-
ing have Paint~pe O.
Errors - limitcheck, nocurrentpoint, stackunderflow, typecheck

clippath
- clippath -
makes the current clipping path the current path. clippath can be used to
find out the printer’s imageable area.
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pathbbox
- pathbbox 1lXIIYurx urY
returns the user coordinates of the lower left- and upper right-hand corners
of the current path’s bounding box. The bounding box is a rectangle, with
sides parallel to the user space axes, that tightly encloses the current path
plus the control points of any curved segments in the path. To obtain the
bounding box of the current path alone (without curve control points), first
flatten the path with the flattenpath operator.
If the current path is empty, a nocurrentpoint error is executed.
Errors - nocurrentpoint, stackunderflow

pathforall
moveproc Iineproc curveproc closeproc pathforall -
executes one of the four procedure operands on each element of the current
path in turn. Path elements fall into four categories, those defined with a
moveto or rmoveto, those defined with a lineto or rlineto, those defined
with a curve or arc operator, and those set with closepath. pathforall uses
the appropriate procedure for each segment.

For each element in turn pathforall executes a procedure as follows:

Element type (definition Action
operators)

Imoveto, rmoveto push x,y : execute moveproc I
lineto, rlineto push x,y : execute lineproc I
curved push xl,yl,x’2,y2,x3,y3: execute curveproc

1
closepath push x,y : execute closeproc

If charpath has been used to define part of the current path, an invalidac-
cess error is executed. x and y coordinates are user space coordinates which
pathforall obtains by multiplying the device space coordinates by the
inverse of the CTM. If the CTM has been modified since the path was laid
down, the coordinates will be different to those that were used to define the
path. Conversely, pathforall may be used to convert a path defined in one
user coordinate system for use in another.
Errors - stackunderflow, stackoverflow,typecheck
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initclip
- initclip -
sets the clipping path to the printer’s default value; usually the imageable
area. framedevice and banddevice can be used to set the default clipping
path.

clip
- clip -
cl’osesany open subpaths in the current path and sets the clipping path to be
the intersection of the current clipping path with the current path. The inside
of the current path is established according to the non-zero winding rule; the
inside of the current clipping path is established according to whichever rule
was in force when it was set.

clip does not perform an automatic newpath. Subsequently defined path
elements are appended to the new path.
To restore the previous clipping path, enclose clip in a gsave, grestore pair.
Errors - limitcheck

eoclip
- eoclip -
performs the same function as clip, except that the inside of the current path
is established according to the even-odd rule.
Errors - limitcheck
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6.8.6 Painting operators
erasepage
- erasepage -
paints the entire current page (not just the clipping path) using gray level 1,
which is usually white, The settransfer operator can be used to assign a dif-
ferent mapping of TrueImage gray scales to device gray scales.

fill
- fill -
fills the current path with the current color. Any open subpaths of the current
path are automatically closed. fill uses the non-zero winding rule to deter-
mine the inside of a path. After filling the current path fill sets the current
path to empty. To preserve the current path, encapsulate fill within a gsave,
grestore pair.
Errors - limitcheck

eofill
- eofill -
fills the current path with the current color. eofill uses the even-odd rule to
determine the inside of a path. Otherwise, it behaves identically to the fill
operator.
Errors - limitcheck

stroke
- stroke -
paints a line tracing the current path using the current color. stroke renders
lines according to the cument graphics state settings. After stroking the cur-
rent path stroke sets the current path to empty. To preserve the current path,
encapsulate stroke within a gsave, grestore pair.
A subpath consisting of a single point, or more than one point at the same
coordinates, will be stroked only if the subpath is closed and round caps are
the current line cap setting. Otherwise no output is generated.
Errors - limitcheck
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image
width height bps matrix proc image -
draws an imported image on the current page. The image is made up of sam-
ples, each sample corresponding to one pixel in the original image. The
image is width x height pixels in dimension, and each pixel is represented by
bps bits. bps can be 1,2, 4 or 8. The image is rendered starting from (0, O).
matrix maps the image to user space. The image data is received as a stream
of.characters (values from Oto 255), one row at a time. Each row consists of
a whole number of characters, any trailing bits within the final character of a
row are ignored. image executes proc as many times as is necessary to
obtain the specified amount of data. Any extra data is discarded. For each
sample a bit setting of all 1s maps to a white pixel, and all 0s to a black.
Intermediate gray scales have values in between.

newpath
10 10 translate
18 18 scale % graphics unit is 1/4 inch square
16 10 2 [ 1 0 0 1 0 0 ]
{<00000000000000000000000077777777777777777777777777777
77799999999ffOOff0033333333>} image

% 16*1O pixels, 2 bits/pixel, 1*1 pixel/graphics unit

showpage

Errors - stackunderflow, typecheck
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imagemask
width height polarity matrix datasrc imagemask -
diet imagemask -
performs a similar function to the image operator, rendering an imported
image onto the current page. imagemask uses the source image as a mask of
one-bit samples to build up an image in the current color.
Parameters may be specified as a list of objects or as a single dictionary
object that contains the relevant key-value pairs.
The image is width x height pixels in dimension and is rendered starting
from (O,O).
polarity is a boolean value that determines the mask’s polarity. If polarity =
true, those parts of the image represented by 1 are painted, those represented
by O are left unchanged. If pokzrity = faL~e, parts represented by O are
painted, and those represented by 1 are left unchanged. In the second form
of imagemask, the polarity is specified by the Decode entry in the image
dictionary. Decode values of [1,0] and [0,1] correspond to true and ,jhlse
respectively.
matrix maps the image to user space.
datasrc may be a procedure, string or readable file object. imagemask either
executes or reads from da?asrcas many times as is necessary to obtain the
specified amount of data. The image data is received as a stream of charac-
ters (values from Oto 255), one row at a time. Each row consists of a whole
number of characters. Any trailing bits are discarded.
Any extra image data is discarded.
Errors - stackunderflow, typecheck, undefinedresuh, limitcheck,

invalidaccess, ioerror
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6.8.7 String operators
string
int string string
creates a string of length int and initializes all characters to the value O. int
may not be negative.
Errors - limitcheck, rangecheck, stackunderflow, typecheck, VMerror

length
string length int
returns the number of characters in the string.
Errors - invalidaccess, stackunderflow, typecheck

get
string index get int
returns the character in the string identified by index. index can range from O
to n–1, where n is the number of characters in the string.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck, undefined

put
string index int put -
replaces the character in the string identified by index with int. index can
range from Oto n–1, where n is the number of characters in the string.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

getinterval
string index count getinterval substring
creates a new string comprising a sequence of count characters from the
original string, starting from the character in string identified by index. index
+ cowzrcannot exceed the number of characters in the string. count must be
positive.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

putinterval
stringl index string2 putinterval -
copies string2 into stringl, replacing the sub-sequence of characters of
string] beginning with the character identified by index.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck
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copy
string, string2 copy substring
copies all characters of Strhzgl into string2, returning the initial substring of
strirzg2 that contains the copied characters. The executable and access
attributes of szdmtring are the same as those of srring2. string] cannot be
longer than string2.
Errors - invalidaccess, rangecheck, stackunderflow, stackoverflow,

.typecheck

forall
string proc foraH -
executes proc on each character of the string in turn. The integer representa-
tion of each character, starting with the first, is pushed onto the stack for use
by proc. If proc does not use or dispose of the string’s integer character rep-
resentations, they will build up on the stack. If proc executes an exit, forall
ceases exscution. If the string is Ocharacters long, proc is not executed.
Errors - invalidaccess, stackunderflow, typecheck

anchorsearch
string seek anchorsearch post match true
string seek anchorsearch string false
tests to see whether the string seek matches the start of the string string. If it
does, anchorsearch returns true, match, the matching part of string, and
post, the rest of string. If seek does not match, anchorsearch retums~tilse,
and the original string string. In order to match, seek must be no longer than
string.
Errors - invalidaccess, stackunderflow, stackoverflow,typecheck

search
string seek search post match pre true
string seek search string false
tests to see whether the string seek matches any substring of the string
string. If it does, search returns true, pre, the non-matching starting
sequence of string, match (the matching part of string) and post, the rest of
string. If seek does not match, search returns false, and the original string
string. In order to match, seek must be no longer than string.
Errors - invalidaccess, stackunderflow, stackoverflow,typecheck
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token
string token post obj true
string token false
scans string, searching for a token that represents a TrueImage object. If
token can locate an object token within string, itreturns true, the object
itself, and the substring from the end of the token to the end of the string. If
token cannot locate an object token within string, itreturns~alse. The object
can be a number, name, string, data array or executable array. The object is
the same as the object that would be returned if the string were executed
directly, however, the object is not executed, merely pushed onto the oper-
and stack.
Only the first object encountered is returned. To parse the whole string,
repeated use of token would be necessary.
token discards all characters up to the final character of the token. If the
token is a name or number, the first following whitespace character is dis-
carded as well. If the token is a string or array ending with a ), >, ] or }, that
character (but no following characters) is discarded.
Errors - invalidaccess, ioerror, rangecheck, stackunderflow, stackoverflow,

syntaxerror, typecheck, undefinedresult

eq
stringl string2 eq bool
compares two strings, or a string and a name, for equality, returning true if
they are equal,~alse if they are not. Strings (or a sting and a name) are equal
if they are the same length and are made up of the same characters in the
same order.
The executable and access attributes of
same for them to be considered equal.
Errors - invalidaccess, stackunderflow

stringl and string2 need not be the

ne
stringl stringz ne bool
compares two strings, or a string and a name, for inequality, returning false
if they are equal, true if they are not. Equality is as described above under
the eq operator.
Errors - invalidaccess, stackunderflow

243



ge
string, stringz ge bool
returns owe if string] is greater than or equal to string2, andjalse if string] is
less than string2. The two strings are compared character value by character
value until a pair of values is found that differ (or until one string is
exhausted). “Whicheverstring’s character in the unequal pair has the higher
value (or whichever string is longer if all character pairs match) is consid-
ered the.greater of the two. Strings are equal if they are the same length and
are made up of the same characters in the same order.
Errors - invalidaccess, stackunderflow, typecheck

gt
string, stringz gt bool
returns true if stringl is greater than string2, and~alse if string] is less than
or equal to string2. String ordering is as described under the ge operator
above.
Errors - invalidaccess, stackunderflow,typecheck

Ie
stringl string2 Ie bool
returns trueif string] is less than or equal to srring2,and false if string] is
greater than stringz. String ordering is as described under the ge operator
above.
Errors - invalidaccess. stackunderflow, typecheck

It
string, stringp It boot
returns true if string] is less than string2, and false if stringl is greater than
or equal to string2. String ordering is as described under the ge operator
above.
Errors - invalidaccess, stackunderflow, typecheck

244



6.8.8 Array operators
array
int array array
creates an array of length int, and initializes all elements to null objects.
Errors - rangecheck, stackunderflow, typecheck, VMerror

[
- [ mark
pushes a mark object onto the stack, marking the start of a sequence of
objects that will be formed into an array.
Errors - stackoverflow

1
mark objo ... objn-l ] array
creates an array comprising all the elements above the topmost mark on the
stack. The object immediately above the mark is the first element of the
array. and the topmost object is the last.
Errors - unmatchedmark, VMerror

length
array length int
returns the number of elements in the array.
Errors - invalidaccess, stackunderflow,typecheck

get
array index get any
returns the array element identified by index. index can range from Oto n–l,
where n is the number of elements in the array.
Errors - invalidaccess, rangecheck, stackunderfiow, typecheck, undefined

put
array index any put -
replaces the element in array identified by index with any. index can range
from Oto n–l. where n is the number of elements in the array.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

getintervai
array index count getinterval subarray
creates a new array comprising a sequence of count elements from the origi-
nal array, starting from the element in arra}’ identified by index. index +
count cannot exceed the number of elements in the array. count must be pos-
itive.
Errors - invalidaccess. rangecheck, stackunderflow, typecheck
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putinterval
array index subarray putinterval -
copies the elements of subarray into array, replacing the sub-sequence of
elements of array beginning with the element identified by index. If ele-
ments of subarray are composite objects, their values are shared between
array and subarray.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

aload
array aload element. elementn-l array
pushes the elements of the array onto the stack in order, followed by the
array itself’.
Errors - invalidaccess, stackoverflow,stackunderflow, typecheck

astore
any. anyn-l array astore array
fills the array with the n objects any. to anyn-], where n is the array’s length.
any. becomes the first element of the array and arzyn-l the last.
Errors - invalidaccess, stackunderflow, typecheck

copy
array, array2copy subarray
copies all elements of arrayl into array2, returning the initial subarray of
array2 that contains the copied objects. If elements of arra.yl are composite
objects, their values are shared between arrayl and array2. The executable
and access attributes of subarray are the same as those of array2. arrayl
cannot be longer than array2.
Errors - invalidaccess, rangecheck, stackunderflow, stackoverflow,

typecheck

forall
array proc forall -
executesproc on each element of the array in turn. Each array element, start-
ing with element O,is pushed onto the stack for use by proc. If proc does not
use or dispose of the array’s objects, they will build up on the stack. If proc
executes an exit, forall ceases execution. If array is empty, proc is not exe-
cuted.
Errors - invalidaccess, stackunderflow, typecheck

246



6.8.9 Packed array operators
packedarray
any. anyn-l n packedarray packedarray
creates a packed array of length n that has the objects Unyoto an}n-l as its
elements. The resulting object is of type packedarraytype, and is read-only.
In all other respects a packed array behaves in the same manner as an ordi-
nary procedure array.
E’mors- rangecheck, stackunderflow,typecheck, VMerror

currentpacking
- currentpacking bool
returns the current array packing mode. The array packing mode can be set
with the setpacking operator.
Errors - stackoverflow

setpacking
bool setpacking -
sets the array packing mode to the specified value. true turns array packing
on; false turns it off. The TrueImage interpreter creates procedure arrays
when it encounters TrueImage program text enclosed between ‘{‘ and ‘}’. If
array packing is on, procedure arrays are created and stored in packed (com-
pact) form. If array packing is off, procedure arrays are created and stored in
ordinary form.
The array packing mode setting remains in effect until another setpacking
operator is encountered, or until a restore command restores a previous set-
ting.
Errors - stackunderflow,typecheck

length
packedarray length int
returns the number of elements in the packed array.
Errors - invalidaccess, stackunderflow,typecheck

get
packedarray index get any
returns the packed array element identified by index. index can range from O
to n–1, where n is the number of elements in the array.
Errors - invalidaccess, rangecheck, stackunderflow,typecheck, undefined
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getinterval
packedarray index count getintervai subarray
creates a new packed array comprising a sequence of count elements from
the original packed array, starting from the element in puckedurray identi-
fied by index. index + count cannot exceed the number of elements in the
packed array. count must be positive.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

aload
packedarray aload element. elementn-l packedarray
pushes the elements of the packed array onto the stack
the packed array itself.
Errors - invalidaccess, stackoverflow-,stackunderflow,typecheck

in order, followed by

copy
packedarrayl arrayp copy subarray
copies all elements of puckedarrayl into array2, returning the initial subar-
ray of arra]’2that contains the copied objects. If elements of puckedarray]
are composite objects, their values are shared between packedarrayl and
arraj’z. The executable and access attributes of sulwrray are the same as
those of urraj’2.packedarrajl cannot be longer than arra}2.
Errors - invalidaccess, rangecheck, stackunderflow, stackoverflow,

typecheck

element of the packed array in turn. Each packed
with element 0, is pushed onto the stack for use by

forall
packedarray proc forall -
executes proc on each
array element, starting
proc. If proc does not use or dispose of the packed array’s objects, they wiil
build up on the stack. If proc executes an exit, forall ceases execution. If
packedarra? is empty, proc is not executed.
Errors - invalidaccess, stackunderflow, typecheck
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6.8.10 Dictionary operators
diet
int diet diet
creates an empty dictionary with space for int key-value pairs.
Errors - rangecheck, stackunderflow, typecheck, VMerror

length
diet length int
returns the number of key-value pairs currently in the dictionary.
Errors - invalidaccess, stackunderflow, typecheck

maxlength
diet maxlength int
returns the maximum possible number of key-value pairs that could be held
in the dictionary.
Errors - invalidaccess, stackunderflow, typecheck

begin
diet “begin -
pushes alictonto the dictionary stack, making it the current dictionary, the
first dictionary in which the interpreter will look up the names it encounters.
Errors - dictstackoverflow, invalidaccess, stackunderflow, typecheck

end
- end -
pops the current dictionary off the dictionary stack, making the one below
the current dictionary. If end attempts to remove the bottom-most userdict,
a dictstackunderflow error is executed.
Errors - dictstackunderflow

def
key value def -
adds the key-value pair to the current dictionary. If key already exists in the
dictionary, the corresponding value is overwritten.
Errors - dictfull, invalidaccess, Iimitcheck, stackunderflow,typecheck
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load
key load value
searches the dictionaries on the dictionary stack for key and returns the value
corresponding to the first occurrence of key that it finds. load searches the
dictionary stack starting with the topmost dictionary (the current dictio-
nary), and works downwards. If key is not found, an undefined error is exe-
cuted.
load looks up values in exactly the same way as the TrueImage interpreter,
however, load merely returns the value, it does not try to execute it.
Errors - invalidaccess, stackunderflow,typecheck, undefined

store
key value store -
searches the dictionaries on the dictionary stack for key and associates value
with the first occurrence of key that it finds. If key is not found, the key-value
pair is added to the current dictionary. store searches the dictionary stack
starting with the topmost dictionary (the current dictionary), and works
downwards.
Errors - dictfull, invalidaccess, limitcheck, stackunderflow

get
diet key get any
returns the value corresponding to key in diet.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck, undefined

put
diet key any put -
associates any with key in the dictionary. If key is already present in diet, put
overwrites the existing value with any. If key is not present, the new key-
value pair is added to diet. If diet is full, a dictfull error is executed.
Errors - dictfull, invalidaccess, rangecheck, stackunderflow, typecheck

known
diet key known bool
returns true if key is present in diet, false otherwise. diet need not be on the
dictionary stack.
Errors - invalidaccess, stackunderflow, typecheck
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where
keywhere diettrue
key where false
searches the dictionaries on the dictionary stack for kc]’. If it finds key,
where returns true and the dictionary containing the first occurrence of key.
where searches the dictionary stack starting with the topmost dictionary (the
current dictionary), and works downwards. If key is not found, where
retums~alse.
Errors - invalidaccess, stackoverflow,stackunderflow

copy
dictl dictz copy dictz
copies all key-value pairs in dictl into dict2, returning dic[2.If some values
in dictl are composite objects, they are shared between dictl and dict2. The
executable and access attributes of dict2 are the same as those of dictl. dict2
must initially contain no key-value pairs, and must be at least as long as
dictl.
Errors - invalidaccess, rangecheck, stackunderflow, stackoverflow,

typecheck

forall
diet proc forall -
executes proc on each element of the dictionary in turn. The key and the
value of each key-value pair is pushed onto the stack for use by proc. If proc
does not use or dispose of the dictionary’s keys and values, they will build
up on the stack. If proc executes an exit, forall ceases execution. If diet is
empty, proc is not executed.
The order in which key-value pairs are processed by forall is unspecified.
New key-value pairs generated by proc may or may not have proc executed
on them.
Errors - invalidaccess, stackunderflow, typecheck

errordict
- errordict diet
pushes errordict onto the operand stack. errordict is the dictionary which
associates the name of each error with an action.
Errors - stackoverflow
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systemdict
- systemdict diet
pushes systemdict onto the operand stack. systemdict is the dictionary
which associates the name of each TrueImage operator with its correspond-
ing action.
Errors - stackoverflow

userdict
- userdict diet
p~shes userdict onto the operand stack. userdict is the dictionary associat-
ing names defined by TrueImage programs with their values.
Errors - stackoverflow

currentdict
- currentdict diet
pushes currentdict onto the operand stack. currentdict is the dictionary on
the top of the dictionary stack.
Errors - stackoverflow

countdictstack
- countdictstack int
returns the number of dictionaries currently on the dictionary stack.
Errors - stackoverflow

dictstack
array dictstack subarray
copies the names of all dictionaries on the dictionary stack into array,
returning the initial subarray of array containing the dictionary names. dict-
stack writes the bottommost dictionary name into element Oof array, and
the topmost into element n–l, where n is the number of dictionaries on the
dictionary stack. If array is too small to hold all the names, a rangecheck
error is executed.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck
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6.8.11 Control operators
exec
any exec -
pushes the operand onto the execution stack, causing it to be executed
immediately. The effects of executing an object depend on its type and
access attribute, as discussed in the section Execution of objects on
page 208.
Eirors - stackunderflow

if
bool proc if -
executes proc if bool = true.
Errors - stackunderflow, typecheck

ifelse
bool procl procz ifelse -
executes procl if bool = true, orproc2 if bool = false.
Errors - stackuncierflow,typecheck

for
start increment finish proc for -
executes proc repeatedly. for maintains a counter whose initial value is start
and which is increased tojinish in steps of increment. proc is executed each
time the counter is incremented. The value of the counter is pushed onto the
stack for use by proc. If proc does not use or dispose of it, successive values
of the counter build up on the stack.
Execution ends when the counter’s value exceeds finish (or is less than $n-
ish, if increment is negative).
Errors - stackoverflow,stackunderflow, typecheck

repeat
int proc repeat -
executes proc in?times. If proc contains an exit, repeat will terminate when
the exit is encountered by the interpreter.
Errors - rangecheck, stackunderflow, typecheck

loop
proc loop -
executes proc repeatedly until an exit or stop is encountered by the inter-
preter. If neither is encountered, execution continues until an external inter-
rupt (an interrupt error) is received.
Errors - rangecheck, stackunderflow, typecheck

253



exit
- exit -
jumps out of the innermost loop, initiated by a for, loop, repeat, foralI,
pathforall or renderbands operator, popping the relevant operator and
everything above it from the execution stack. exit does not change the oper-
and or dictionary stacks.
If exit occurs in the context of a run or stopped operator, an invalidexit
error is executed.
If there is no enclosing loop, quit is executed.
Errors - invalidexit

stop
- stop -
terminates execution of an executable object executed by a stopped opera-
tor, popping the stopped operator and everything above it from the execu-
tion stack. stop does not change the operand or dictionary stacks.
If there is no enclosing stopped context, quit is executed.

stopped
any stopped bool
executes any, retuming~alse if any terminates normally, or true if any is ter-
minated by a stop. Irrespective of the outcome, normal execution is then
resumed.
Errors - stackunderflow

countexecstack
- countexecstack int
returns the number of objects on the execution stack.
Errors - stackoverflow

execstack
array execstack subarray
copies all elements on the execution stack into array, returning the initial
subarray of array containing the execution stack elements. The bottom-most
execution stack element is copied into array element O, the topmost into
array element (n–l ), where n is the depth of the execution stack. The execu-
tion stack is not affected. If array is too small to hold all the elements of the
execution stack, a rangecheck error is executed.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck
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quit
- quit -
terminates the current TrueImage program (if quit is looked up in userdict)
or terminates the operation of the TrueImage interpreter completely (if it is
looked up in systemdict). Normally the
dence.

start
- start -
executed by the TrueImage interpreter on
environment.

userdict definition takes prece-

start-up, to establish the working
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6.8.12 Type and attribute
type
any type name
returns a name indicating the type of any.

type name type name

integer’ integertype dictionary dicttype

real realtype operator operatortype

boolean booleantype file filetype

array arraytype mark marktype

packed array packedarraytype null nulltype

string stringtype save savetype

name nametype fontID fonttype

name is executable.
Errors - stackunderflow

cvlit
any cvlit any
makes any literal (non-executable).
Errors - stackunderflow

Cvx
any cvx any
makes any executable.
Errors - stackunderflow

xcheck
any xcheck bool
returns true if the object is executable,jidse if it is literal.
Errors - stackunderflow
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executeonly
obj executeonly obj
reduces the access attribute of an array, packed array, file or string object to
e.recuteonly, and returns the modified object. Henceforth the object cannot
be read or altered. The access attributes of any objects sharing the value of
obj are not affected. executeonly cannot change an object’s access attribute
if it has been set to none.
Errors - invalidaccess, stackunderflow, typecheck

noaccess
objnoaccess obj
sets the access attribute of an array, packed array, file, dictionary or string
object to none, and returns the modified object. Henceforth the object can-
not be read. altered or executed. If obj is a dictionary, the access attributes of
any dictionaries sharing the value of obj are also set to none. For array.
packed array. file or string objects, the access attributes of any objects shar-
ing the value of obj are not affected.
Errors - invalidaccess, stackunderflow, typecheck

readonly
obj readonly obj
reduces the access attribute of an array, packed array, file, dictionary or
string object to read only, and returns the modified object. Henceforth the
object cannot be altered: If obj is a dictionary, the access attributes of any
dictionaries sharing the value of obj are also set to read only. For array,
packed array, file or string objects, the access attributes of any objects shar-
ing the value of obj are not affected. readonly cannot change an object’s
access attribute if it has been set to e.~ecuteonly or none.
Errors - invalidaccess, stackunderflow. typecheck

rcheck
obj rcheck bool
returns true if the array, packed array, file, dictionary or string object’s
access attribute allows reading of the object (i.e. the access attribute has not
been set to execute only or none), and~alse otherwise.
Errors - stackunderflow, typecheck

wcheck
obj wcheck bool
returns true if the array, packed array, file, dictionary or string object’s
access attribute allows writing to the object (i.e. the access attribute is
unlimited), and false otherwise.
Errors - stackunderflow, typecheck

257



cvi
obj cvi int

converts a number or string to the equivalent integer. If obj is an integer, its
value is returned unchanged. If obj is a real number, it is converted to an
integer by truncation towards O.If obj is a string whose characters represent
a legal TrueImage number, it is converted to the equivalent number, which,
if real, is converted to an integer by truncation towards O.
If obj is a string whose characters do not represent a legal number, a
typecheck error is executed. If a real number is too large to be represented
as an integer, a rangecheck error is executed. (round, truncate, ceiling and
floor remove fractional parts without converting a number’s type).
Errors - invalidaccess, rangecheck, stackunderflow, syntaxerror, typecheck,

undefinedresult

cvn
stringcvn name
converts a string operand to a name comprising the same characters as the
string. If the string is executable, the name is made executable.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

cvr
obj cvr real
converts a number or string to the equivalent real number. If obj is a real
number, its value is returned unchanged. If obj is an integer, it is converted
to real. If obj is a string whose characters represent a legal TrueImage num-
ber, it is converted to the equivalent number, which, if integer, is converted
to a real number.
If obj is a string whose characters do not represent a legal number, a
typecheck error is executed.
Errors - invalidaccess, rangecheck, stackunderflow, syntaxerror, typecheck,

undefinedresult

cvrs
num radix string cvrs substring
converts a number to an equivalent string representation in the specified
radix, writes it to string, and returns the initial substring of string that holds
the number representation. If num is a real number, it is first converted to an
integer by truncation towards O. The initial part of string is overwritten by
cvrs. Digits above 9 are represented by the letters A – Z. radix is a positive
decimal integer between 2 and 36.
If string is too small to hold the number’s representation, a rangecheck
error is executed.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck

258



Cvs
any string cvs substring

converts an object any to an equivalent string representation, writes it to
string, and returns the initial substring of string that holds the object’s string
representation. The initial part of string is overwritten by CVS.
If any is a number, cvs returns a string representation of the number. If any
is a boolean, cvs returns either the string true or~alse. If any is a string, cvs
simply copies its contents into string. If any is a name or an operator, cvs
returns the text representation of the name or operator name. If any is of any
other type, cvs returns the string (--nostrirzgval--).
If string is too small to hold the result, a rangecheck error is executed.
Errors - invalidaccess, rangecheck, stackunderflow, typecheck
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6.8.13 Font operators

I

definefont
key font definefont font
associates the font dictionary font with key (usually a name) in FontDirec-
tory. definefont checks thatfont contains all necessary key-value pairs, and
adds a key, FID, and corresponding FontID value. The dictionary must be
large enough to hold this extra key-value pair. The dictionary’s access is set
to read only.
Errors - dictfull, invalidfont, stackunderflow, typecheck

findfont
keyfindfont font
returns the font dictionary associated with key in FontDirectory.
Errors - invalidfont, stackunderflow, typecheck

makefont
font, matrix makefont fontp
returns a new font whose characters are the characters of forztl, transformed
by matrix. makefont creates a copy of,fimtl’s dictionary and then multiplies
its FontMatrix value by matrix. Printing characters with the new font yields
the same results as would be achieved by multiplying the CTM by matrix,
and then printing using.fonrl.
Errors - stackunderflow, typecheck

scalefont
font, scale scalefont fontz
returns a new font whose characters are the characters of font]. scaled by a
factor of scale. makefont creates a copy of,fbntl’s dictionary and then mul-
tiplies its ‘FontMatrix value by scale. Printing characters with the new font
yields the same results as would be achieved by multiplying the CTM by
scale, and then printing using fbnr].
Errors - invalidfont, stackunderflow, typecheck, undefined

setfont
font setfont -
selects the current font.font must be a valid font dictionary returned by find-
font, scalefont or makefont.
Errors - stackunderflow,typecheck

currentfont
- currentfont font
returns the current graphics state’s current font dictionary.
Errors - stackoverflow
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show
stringshow -
prints the string on the current page, starting from the curren[ point, and
using the current font. Character spacing is determined by each individual
character’s width. When the string has been printed, the current point is
adjusted by the sum of the widths of the characters in string. If no current
point has been set, a nocurrentpoint error is executed.
Errors - invalidaccess, invalidfont, nocurrentpoint, stackunderflow,

typecheck

ashow
x y stringashow -
performs the same function as show, except that the width of each of the
string’s characters is modified by adding x to its x-width and y to its y-width.
This allows the spacing between characters to be modified. x and y are spec-
ified in user space coordinates. not in character coordinates.
Errors - invalidaccess. invalidfont. nocurrentpoint, stackunderflow,

typecheck

widthshow
x ychar stringwidthshow -
performs the same function as show, except that the width of each occur-
rence of char in the string is modified by adding x to its x-width and y to its
y-width. This modifies the spacing between char and the character fo]]ow-
ing. char is a character code value in the range O– 255. x and y are specified
in user space coordinates, not in character coordinates.
Errors - nocurrentpoint. stackunderflow, typecheck

awidthshow
Xly, charX2y2stringawidthshow -

combines the functions of ashow and awidthshow, modifying the width of’
each of string’s characters by adding Xzto its x-width and y2 to its y-width,
and modifying the width of each occurrence of char in the string by adding
xl to its x-width and }’1to its y-width. This allows the spacing between char-
acters to be modified. and the spacing between char and the character fol-
lowing to be modified independently. .xI,?Il,X2and y2 are specified in user
space coordinates, not in character coordinates.
Errors - in)alidaccess. invalidfont, nocurrentpoint, stackunderflow,

typecheck
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function as show, except that proc is executed in between

kshow
procstringkshow -
performs the same
the printing of each successive pair of characters in string. The two charac-
ters (the one that has just been printed and the one about to be printed) are
pushed onto the stack prior to each invocation of proc so that proc may
make use of them. As each character is printed, the current point is updated
by the character’s width.
proc may alter the graphics state.
If proc does not make use of or dispose of the characters, they build up on
the stack.
Errors - invalidaccess, invalidfont, nocurrentpoint, stackunderflow,

typecheck

stringwidth
stringstringwidth x y
returns the change in the current point that would result if string were
printed using show. x and y are specified in user space coordinates. string-
width may place characters in the font cache, if it executes their descrip-
tions.
Errors - invalidaccess, invalidfont, stackunderflow, typecheck

FontDirectory
- FontDirectory diet
pushes FontDirectory onto the operand stack. FontDirectory is the direc-
tory which associates keys with font directories and which contains the
names of all fonts present in virtual memory. FontDirectory has read-only
access, however, definefont can modify it.
Errors - stackoverflow

StandardEncoding
- StandardEncoding array
pushes the standard encoding vector onto the operand stack. The standard
encoding vector is a 256-element array, indexed by character code, that
holds the character names corresponding to each of the codes.
Errors - stackoverflow
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6.8.14 Font cache operators
cachestatus
- cachestatus bsize bmax resize mmax csize cmax blimit
returns current consumption and maximum space available for the follow-
ing: bytes of bitmap storage (bsize and Lvrzux),font/matrix combinations
(nzsizeand nznza,r),and number of cached characters (c.sizeand crnax),plus
the maximum number of bits that may be used to cache a single character,
blimit.
Errors - stackoverflow

setcachedevice
x y IIXIIYurx ury setcachedevice -

executed by a user-defined font’s BuildChar procedure, prior to the defini-
tion and rendition of a character. setcachedevice requests the interpreter to
place the character whose shape is rendered by the procedures which follow,
in the font cache (if possible) and on the current page. The interpreter uses
the information specified to decide whether to store the character in the
cache, and to render it on the page.
The operands are all specified in character coordinate system units. x and y
specify the characters width, llr, 11},w-r and w-),specify the lower-left and
upper-right comers respectively of the characters bounding box.
Errors - stackunderflow, typecheck, undefined

setcharwidth
x y setcharwidth -
functions in the same way as setcachedevice, passing the interpreter the
character’s width, but designating that the character should not be stored in
the cache. setcharwidth should be executed instead of setcachedevice
when BuildChar is to execute setgray, setrgbcolor, sethsbcolor, settrans-
fer or image.
Errors - stackunderflow, typecheck, undefined

setcachelimit
num setcachelimit -
sets the maximum number of bytes that may be used to cache the bitmap of
a single character. Any character larger than this will not be cached; its
description will be executed each time it is encountered. Characters already
in the font cache are not affected.
Errors - limitcheck, rangecheck, stackunderflow, undefinedfilename
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setcacheparams
mark size lower upper setcacheparams -
sets the cache parameters to the values specified by the integer objects above
the topmost mark on the stack. All objects down to the topmost mark are
popped from the stack after execution. The number of cache parameters
may vary. If more than three parameters are specified, the topmost three are
used and the rest are ignored. If fewer than three parameters are specified,
default values are substituted.
upper is the maximum number of bytes that may be used to cache the pixel
array of a single character: the same parameter may also be set by setcache-
limit.
lower specifies a threshold size in bytes, above which characters may be
stored in compressed form. If lower = O,all characters will be compressed.
If lower is greater than or equal to upper, compression is disabled.
size sets the new size of the font cache in bytes (equivalent to the bmax
parameter set by cachestatus). If size is not specified, the current cache size
is retained. If size is not within the range of permissible font cache sizes. the
nearest valid size is used instead. Reducing the font cache size may cause
some characters that are presently cached to be discarded.
Errors - rangecheck, typecheck, unmatchedmark

currentcacheparams
- setcachelimit mark size lower upper
pushes a mark object onto the stack, followed by the current cache parame-
ter settings. The cache parameters are as described above under setcache-
params; the number of cache parameters may vary.
Errors - stackoverflow

264



6.8.15 File operators
file
stringl string2 file file
creates a file object for the file specified by .!t?it?~].The access type is speci-
fied by string2: ‘r’ specifies an input (read-only) file, ‘w’ an output (write-
only) file. The file remains available for reading or writing until either it is
closed with closefile, an end-of-file character is read, or a restore is encoun-
tered whose corresponding save was performed before the file that created
the file object. $losfdinand %stdout are the standard input and output files.
Errors - invalidfileaccess, Iimitcheck, stackunderflow. typecheck,

undefinedfilename

closefile
file closefile -
closes a file, breaking the association between the file object and the file
itself. If the file is an output file, any buffered characters are immediately
transmitted before the file is closed
Err&s - ioerror, stackunderflow, typecheck

read
file read int true
file read false
reads a character from an input file, returning the integer representation of
the character and true, unless end-of-file is encountered, in which case read
retums~aLse.
If a parity or checksum error occurs, an ioerror is executed.
Errors - invalidaccess, ioerror, stackoverflow,stackunderflow. typecheck

write
file int write -
appends a character to an output filejile. int is the integer representation of
the character and should be in the range Oto 255. If it is greater than 255, the
value of int modulo 256 is used.
If the file is not a valid output file, or some other error is detected, an ioerror
is executed.
Errors - invalidaccess, ioerror, stackunderflow, typecheck
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readhexstring
file string readhexstring substring bool
reads pairs of hexadecimal digits fromfile, writing them into string, starting
at the beginning of the string. Reading continues until either the string is full
or an end-of-file is encountered. readhexstring returns the newly-written
substring of string, plus true if string was filled, or plus false if an end-of-
file was encountered before string could be filled. Characters other than
O– 9 and A – F (or a – f) are ignored.
Errors - invalidaccess, ioerror, rangecheck, stackunderflow, typecheck

writehexstring
file string writehexstring -
writes the characters of string tofile as hexadecimal digits, starting from the
beginning of the string. writehexstring converts each character-code integer
in string to a pair of hexadecimal digits ( O– 9 or a – f) and appends the dig-
its to the file.
Errors - invalidaccess, ioerror, stackunderflow, typecheck

readstring
file string readstring substringbool
reads characters from,file, writing them into string, starting at the beginning
of the string. Reading continues until either the string is full or an end-of-file
is encountered. readstring returns the newly-written substring of string,
plus true if string was filled, or plus,false if an end-of-file was encountered
before string could be filled. Characters read from file are all regarded sim-
ply as integers in the range O– 255. None are regarded as control codes.
Errors - invalidaccess, ioerror, rangecheck, stackunderflow, typecheck

writestring
file string writestring -
writes the characters of string to jile, starting from the beginning of the
string. writestring does not append a newline to the file.
Errors - invalidaccess, ioerror, stackunderflow, typecheck

readline
file string readline substringbool
reads a line of characters terminated by a newline character from file, and
writes them into string, starting at the beginning of the string. readstring
returns the newly-written substring of string, plus true if a newline character
was present, plus ,false if an end-of-file was encountered before a newline
character was read. The newline is not written to the string. If string is filled
before a newline is read, a rangecheck error is executed.
Errors - invalidaccess, ioerror, rangecheck, stackunderflow, typecheck
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token
file token any true
file token false
reads characters from file, searching for a token that represents a TrueImage
object. If token can read an object token from jile, it returns the object and
true. If token cannot read an object token fromfile, it returnsjzise. (If token
encounters an end-of-file without reading any non-whitespace characters, it
also closes the file).
The object can be a number, name, string, data array or executable array.
The object is the same as the object that would be returned if the file were
executed directly, however, the object is not executed, merely pushed onto
the operand stack.
Only the first object encountered is returned. To parse the whole file,
repeated use of token would be necessary.
token discards all characters up to the final character of the token. If the
token is a name or number, the first following whitespace character is dis-
carded as well. If the token is a string or array ending with a ), >, ] or ], that
character (but no following characters) is discarded.
Errors - invalidaccess, ioerror, rangecheck, stackunderflow, stackoverflow,

syntaxerror, typecheck, undefinedresult

bytesavailable
file bytesavailable int
returns the number of bytes available to be read immediately from$le. –1 is
returned if end-of-file has been encountered or if the number cannot be
established.
Errors - ioerror, stackunderflow, typecheck

flush
- flush -
immediately sends any buffered characters to the standard output file.
Errors - ioerror

flushfile
file flushfile -
If ,ji/e is an output file, flushfile immediately sends any buffered characters
to it. If jile is an input file, flushfile reads characters from the file until it
encounters an end-of-file.
Errors - ioerror, stackunderflow, typecheck
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resetfile
file resetfile -
disposes of any buffered characters associated with jife. If file is an input
file. resetfile discards any characters that have been received from the file,
but have not yet been processed. If ,file is an output file, resetfile discards
any characters that have been written to,file, but not yet transmitted.
Errors - stackunderflow, typecheck

status
file status bool
returns true iffile is still available for reading or writing,~alse otherwise.
Errors - stackunderflow, typecheck

run
string run -
reads and executes the contents of the file specified by string as a TrueImage
program. run closes the file on encountering an end-of-file or a stop opera-
tor. If an exit is encountered, an invalidexit error is executed.
Errors - ioerror. limitcheck, stackunderflow, typecheck, undefinedfilename

currentfile
- currentfiie file
returns the file object from which the interpreter has most recently read pro-
gram input, the top file on the execution stack.
If the last token read by the interpreter was a name or number followed by
white space, characters can now be read starting from the character after the
whitespace character immediately following the name or number. If the last
token read stood for any other object, characters can be read starting from
the character immediately after the token.
The file returned is usually the default input file.
Errors - stackoverflow

print
string print -
writes string to the standard output file, enabling text to be sent to a host
computer.
Errors - stackunderflow, typecheck

268



I

=
any = -
writes a text representation of the value of a number, boolean, string, name
or operator object to the standard output file, and ‘-nostringval-’ for any
other object.
Errors - stackunderflow

stack
- stack-
performs the same function as the = operator, but for each object on the
stack.
Errors - stackoverflow

==
any==-
writes a text representation of the value of an object to the standard output
file. Literal names are preceded by /. Strings, arrays and packed arrays are
shown in their entirety, enclosed within (),[] and {}. Type names of unprint-
able types are shown (see the type operator on page 256), and operator
names are shown as follows: --opname---
Errors - stackunderflow

pstack
- pstack -
performs the same function as the == operator, but for each object on the
stack.
Errors - stackoverflow

prompt
- prompt -
prompts the user for the next statement (only in an interactive environment).

echo
boolean echo -
If boolean = true, characters are echoed from the standard input file to the
standard output file (in an interactive environment). If boolean =false, char-
acters are not echoed.
Errors - stackunderflow, typecheck
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6.8.16 Virtual memory operators
save
- save save
saves the state of virtual memory, returning a save object, and pushes a copy
of the graphics state onto the graphics state stack.
Errors - limitcheck, stackoverflow

restore
save restore -
restores the saved virtual memory state described by save and pops the
graphics state from the top of the graphics state stack. A save object may
only be restored once: save and any more recently created save objects are
discarded. If the operand, dictionary or execution stacks contain array, dic-
tionary, file, name, save or string objects newer than the save object being
restored, an invalidrestore error is executed.
Errors - invalidrestore, rangecheck, stackunderflow, typecheck

vmstatus
- vmstatus level used maximum
describes the state of TrueImage virtual memory. fevel is the current number
of saved VM states, used the number of bytes used so far, and maximum the
maximum number of bytes available.
Errors - stackoverflow
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6.8.17 Miscellaneous operators
bind
proc bind proc
replaces the executable operator names in a procedure by their values. If a
name is not found, or its value is not an operator, no action is taken for that
name. For elements of proc that are procedures with unlimited access, bind
performs the same process on them, and then sets their access to read only.
bind is used to ensure that a procedure will execute the operator definitions
it was intended to, and to make it run faster.
Errors - typecheck

null
- null null
pushes a null object onto the stack.
Errors - stackoverflow

usertime
- usertime int
returns the current value of a clock counter that counts in milliseconds.
Errors - stackoverflow

executive
- executive -
invokes the interactive executive, enabling the user to address the TrueImage
interpreter directly using a terminal program. executive makes use of the
%statementedit file to obtain commands from the user. If echo has been
turned on with the echo operator, commands are echoed to the user’s termi-
nal as the user enters them.
Errors - undefined

version
- version string
returns a string detailing the version of the TrueImage language and inter-
preter being used.
Errors - stackoverflow

gsave
- gsave -
saves the current graphics state, pushing it onto the graphics state stack.
Errors - limitcheck
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grestore
- grestore -
restores the graphics state saved with the most recent gsave command, pop-
ping it off the top of the graphics state stack. If no gsave has been executed,
or if the most recent gsave came before a save whose VM state has not yet
been restored, grestore restores the graphics state on top of the graphics
state stack without popping it.

grestoreall
- grestoreall -
pops graphics states off the graphics state stack until it reaches either the
bottommost graphic state, or a state saved by a save. This is then made the
current graphics state, but is not popped from the stack.

initgraphics
- initgraphics -
sets the following graphics state settings to their default values

CTM default for printer line width 1 user unit
1 1 1

I path I empty I line cap I butt caps I
I 1 I 1 I

position undefined line join mitered

clipping path default for printer line dash solid

I color I black I miterlimit I 10 I

setlinewjdth
num setlinewidth -
sets the line width for the current graphics state to num. This determines the
thickness of lines generated by stroke. If scaling is unequal in the x- and y-
directions, a line’s thickness will vary according to its orientation. A line
width of Ospecifies the thinnest possible line.
Errors - stackunderflow, typecheck

currentlinewidth
- currentlinewidth num
returns the current line width in the current graphics state.
Errors - stackovertlow
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setlinecap
int setlinecap -
sets the line cap type for the current graphics state. This determines the
shape of the end of open subpaths rendered by stroke. Oselects butt cap (the
stroke is cut off at the subpath’s endpoint), 1 selects round cap (projecting
semi-circular line ends), and 2 selects square cap (projecting squared line
ends).

o)

1)

2)

Errors - rangecheck, stacktmderflow,typecheck

currentlinecap
- currentlinecap int
returns the current line cap setting in the current graphics state.
Errors - stackoverflow
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setlinejoin
int setlinejoin -
sets the line join type for the current graphics state. This determines the
shape of the corners of paths rendered by stroke. Oselects mitered join (the
outside edges of the converging lines are extended until they meet), 1 selects
round join (rounded circular line joins), and 2 selects bevel join (a straight-
line angular join).
If a mitered join length would exceed the miter limit, a beveled join is used
instead.
The line join type is only applied to consecutive segments of paths.

0-- Miter 1- Round

2- Bevel

Errors - rangecheck, stackunderflow, typecheck

currentlinejoin
- currentiinejoin int
returns the current line join setting in the current graphics state.
Errors - stackoverflow
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setmiterlimit
num setmitedimit -
sets the miter limit for the current graphics state. Miter length is the length
of the spike produced by two lines that join at an angle. Miter limit is the
maximum allowed ratio of miter length to line width. If mitered line joins
are selected, but the miter limit would be exceeded, a beveled join is used
instead. Setting the miter limit to 1 causes all mitered joins to be beveled
instead.

Linewidth Miter limit

If the miter lengthexceedsthe miter
limit, the line join is beveledinstead

Errors - rangecheck, stackunderflow, typecheck

currentmiterlimit
- currentmiterlimit num
returns the current miter limit in the current graphics state.
Errors - stackoverflow
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setdash
array offset setdash -
setsthe current line dash pattern for the current graphics state. The dash pat-
tern is specified by an array of numbers that specify alternating lengths of
line and spacing. A single number defines a dash pattern that alternates
equal lengths of line and spacing. The numbers in array should be non-neg-
ative and should not all be O.If array is empty, lines are solid. Dash lengths
are in user units.
offset specifies an initial length of the pattern to be skipped when stroking of
a subpath commences.
The dash pattern is used cyclically; when stroke reaches the end of the pat-
tern it starts again from the beginning.
Each subpath is stroked separately; the dash pattern restarts from the begin-
ning (or from oj$et).

2 setlinewidth
[] O setdash
100 200-moveto 299 200 1ineto
stroke
[10 10] O setdash
100 150 moveto 299 150 1ineto
stroke
[10 5] O setdash
100 100 moveto 299 100 1ineto
stroke
[20 10] 10 setdash
100 50 moveto 299 50 lineto
stroke

----------

--------------

-——————

Errors - limitcheck, stackunderflow, typecheck
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currentdash
- currentaash arrayoffset
returns the current dash pattern in the current graphics state.
Errors - stackoverflow

setflat
num settlat -
sets the flatness setting for the current graphics state. Flatness is a measure
of how smooth or jerky rendered curved line segments are. All curved lines
are made up of sequences of small straight lines. The more straight lines that
are used, the smoother a curve is.
For small values of nurn, higher numbers of straight lines are used, and
hence curves appear smoother. However, this can consume large amounts of
virtual memory.
num can range from 0.2 to 100.

Errors - stackunderflow, typecheck

currentflat
- currentflat num
returns the current flatness setting in the current graphics state.
Errors - stackoverflow

se~gray
num setgray -
sets the color parameter in the current graphics state to a specified gray
scale. Subsequent lines and shapes are stroked in the selected shade. num
ranges from O (black) to 1 (white). Values in between represent varying
shades of gray.
Errors - stackunderflow, typecheck, undefined.

currentgray
- currentgray num
returns the current gray value of the current color in the current graphics
state. If the current color is not black, the current color’s brightness compo-
nent is renrrned.
Errors - stackoverflow
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sethsbcolor
hue saturation brightness sethsbcolor -
sets the hue, saturation and brightness of the color parameter in the current
graphics state to the specified values. Each number can range from Oto 1.
On a color device subsequent lines and shapes are stroked in the selected
color.
Errors - stackunderflow, typecheck, undefined.

currenthsbcolor
- currenthsbcolor hue saturation brightness
returns the hue, saturation and brightness components of the current color in
the current graphics state.
Errors - stackoverflow

setrgbcolor
red blue green setrgbcolor -
sets the red, green and blue components of the color parameter in the current
graphics state to the specified values. Numbers can range from Oto 1. On a
color device subsequent lines and shapes are stroked in the selected color.
Errors - stackunderflow, typecheck, undefined.

currentrgbcolor
- currentrgbcolor red blue green
returns the red, blue and green components of the current color in the cur-
rent graphics state.
Errors - stackoverflow

setscreen
freq angle proc setscreen -
sets the current half-tone screen settings in the current graphics state. jreq
specifies the number of half-tone cells per device-space inch, angle specifies
the angle of the screen to the device space coordinate system, and proc is a
procedure that defines the combination of white and black pixels for any
gray setting.
Errors - limitcheck, rangecheck, stackunderflow, typecheck

currentscreen
- currentscreen freqangle proc
returns the current halftone screen settings in the current graphics state.
Errors - stackoverflow
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settransfer
procsettransfer -
sets the current transfer function for the current graphics state. proc is a pro-
cedure that takes a number in the range Oto 1 as input and returns a number
in the same range. proc maps TrueImage gray levels set by setgray to
printer gray levels.
Errors - stackunderflow, typecheck

currenttransfer
- currenttransfer proc
returns the current transfer function in the current graphics state.
Errors - stackoverflow
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6 . 8 . 1 8Coordinate operators
matrix
- matrix matrix
pushes a 6-element identity matrix [1.0 0.00.01 .00.0 0.0] onto the stack.
Errors - stackoverflow

initmatrix
- initmatrix -
sets the CTM to the default value for the printer. The effect of this is to
restore the default user space-to-device

identmatrix
matrix iaentrnamixmatrix
converts matrix to the identity matrix, [
any point to itself.

pace mapping.

.00.00 .01.00.0 0.0], which maps

Errors - rangecheck, stackunderflow, typecheck

defaultmatrix
matrix defaultmawix matrix
converts matrix to the printer’s default transformation matrix.
Errors - rangecheck, stackunderflow, typecheck

currentmatrix
matrix currentmatrix matrix
converts matrix to the current CTM.
Errors - rangecheck, stackunderflow, typecheck

setmatrix
matrix setmatrix -
makes matrix the current Cl’M. Normally the CTM will be modified using
the rotate, translate and scale operators instead.
Errors - rangecheck, stackunderfiow, typecheck
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translate
x y translate -
x y matrixtranslate matrix
If there is no matrix operand, translate modifies the CTM, repositioning the
origin of the user space coordinate system at (x,y) relative to its present
position. This is equivalent to multiplying the CTM by a matrix
100
010
x ‘y1
If there is a matrix operand, translate sets its value to that of the matrix
shown above, and does not alter the CTM.
Errors - rangecheck, stackunderflow, typecheck

scale
x y scale -
xy matrix scale matrix
If there is no matrix operand, scale modifies the CTM, scaling the user
space coordinate system units by x and y relative to their current size. The
user space origin and rotation are not changed. This is equivalent to multi-
plying the CTM by a matrix
Xoo
o y o
001
If there is a matrix operand, scale sets its value to that of the matrix shown
above, and does not alter the CTM.
Errors - stackunderflow, typecheck

rotate
angle rotate -
angle matrixrotate matrix
If there is no matrix operand, rotate modifies the CTM, rotating the user
space coordinate system counterclockwise by angle degrees. The user space
origin and the size of its units are not changed. This is equivalent to multi-
plying the CTM by a matrix
cos(angle) sin(angle) O
–sin(angle) cos(angle) O
001
If there is a matrix operand, rotate sets its value to that of the matrix shown
above, and does not alter the CTM.
Errors - stackunderflow, typecheck

concat
matrix concat -
modifies the CTM by multiplying it by matrix.
Errors - stackunderflow, typecheck
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concatmatrix
matrixl matrix2 matrix3 concatmatrix matrix3
setsmatrix3 to the value obtained by multiplying matrix2 by matrix].
Errors - stackunderflow, typecheck

transform
xl yl transform X2Yp
x1yl matrix transform X2y2
If there is no matrix operand, transform returns the current device space
coordinates of the user space point (xz,y2)according to the current CTM. If
matrix is supplied, transform transforms the point using matrix instead.
Errors - stackunderflow, typecheck

dtransform
dxl dyl dtransform dx2dy2
dxl dyl matrixdtransform dx2dyp
If there is no matrix operand, dtransform returns the device space equiva-
lent of the user space distance vector (dxl, dy2), transforming it by the cur-
rent CTIW If matrix is supplied, dtransform transforms the distance vector
using matrix instead.
Errors - stackunderflow, typecheck

itransform
xl yl itransform X2y2
xl yl matrixitransform x2y2
If there is no matrix operand, itransform returns the current user space
coordinates of the device space point (xl,y2), transforming it by the inverse
of the current CTM. If matri.~is supplied, itransform transforms the point
using the inverse of matrix instead.
Errors - stackunderflow, typecheck, undefinedresult

idtransform
dxl dyl idtransform dx2dy2
dxl dyl matrixidtransform dx2dy2
If there is no matrix operand, idtransform returns the user space equivalent
of the device space distance vector (dxl, dy2), transforming it by the inverse
of the current CTM. If matrix is supplied, idtransform transforms the dis-
tance vector using the inverse of matrix instead.
Errors - stackunderflow, typecheck, undefinedresult

invertmatrix
matrix, matrix p invertmatrix matrixz
setsmatrix2 to the inverse of matrixl.
Errors - stackunderflow, typecheck, undefinedresult
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6.8.19 Device set-up operators
showpage
- showpage -
causesthe current page to be printed out, and then performs erasepage and
initgraphics to prepare the next page. showpage looks up the name #copies
in the dictionary stack, and prints the number of copies specified.

copypage
- copypage -
causes one copy of the current page to be printed out. copypage is intended
primarily for debugging use.

framedevice
matrix width height procframedevice -
installs a frame buffer as raster memory for an output device. The frame
buffer is 8 x width pixels wide and height pixels high. matrix is made the
current CTM. proc is a procedure to be executed by showpage and copy-
page to transmit the contents of the frame buffer to the device.
Errors - stackunderflow, typecheck

nulldevice
- nulldevice -
makes the “null device” the current output device. Stroking and painting oper-
ators do not mark the current page. showpage and copypage have no effect.
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6.8.20 LS-5T%specific operators
Operators marked with an asterisk (*) are defined in the statusdict dictio-
nary. To use these operators, precede them with the TrueImage program
statement:

statusdict begin

This will enable your program to use them

setdojamrecovery *
bool setdojamrecovery -
turns jam recovery on (true) or off (false). If jam recovery is on; pages that
get jammed will be reprinted when the jam has been cleared; if off (the fac-
tory default), the print job is abandoned. Jam recovery may reduce through-
put.
Errors - stackunderflow, typecheck

dojamrecovery *
- dojamrecovery bool
returns the jam recovery setting: on (true) or off (false).
Errors - stackoverflow,typecheck

setdorep *
bool setdorep -
turns resolution enhancement (300x600 dots per inch) on (true) or off
(false). The factory default setting is off.
Errors - stackunderflow, typecheck

dorep *
- dorep bool
returns the resolution enhancement setting: on (true) or off (false).
Errors - stackoverflow,typecheck
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settray *
traynum settray -
selects the tray from which to feed paper. Valid values of traynum are as fol-
lows:

traynum tray

10 I front tray \

1 cassette
I

12 I autoselection I

13 I lowercassette I

Errors - stackunderflow, typecheck

papertray *
- papertray traynum
returns an integer whose value indicates the current tray selection. Values
for traynum are as for settray above.
Errors - stackoverflow,typecheck

traysup *
traynum traysup bool
indicates whether a particular tray is available (true) or not (false). Values
for traynum are as for settray above.
Errors - stackunderflow, typecheck
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ppapersize *
traynum ppapersize papersize
indicates the size of paper in the specified tray. Values for traynum are as for
settray above. Values for papersize are as follows:

I
papersize size papersize size

I
o. Letter 5 Monarch ~

1 Legal 6 Corn-10

2 A4 7 DL

3 Executive 8 C5

4 B5

Errors - stackunderflow, typecheck

setpapertray *
traynum setpapertray -
selects the tray from which to feed paper, and sets the clipping path (image-
able area) according to the size of the paper in the selected tray. Values for
traynum are as for settray above.
Errors - stackunderflow, typecheck

findtray *
papersize findtray
seraches for a tray containing paper of size papersize. If one is found, the
tray is selected as the current tray and the imageable area (clipping path) is
set according to the paper size specified by papersize. Values for papersize
are as for ppapersize above.
Errors - stackunderflow, typecheck

executivepage
- executivepage -
sets a page size of 7.25” by 10.50” and an imageable area (clipping path) of
6.72” by 10.00” centered on the page.
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coml Oenvelope
- coml Oenvelope-
sets a page size of 4. 125”by 9.50” and an imageable area (clipping path) of
3.63” by 9.00” centered on the page.

monarcenvelope
- monarcenveiope -
sets a page size of 3.875” by 7.50” and an imageable area (clipping path) of
3.’41”by 7.00” centered on the page.

c5envelope
- c5envelope -
sets a page size of 6.38” by 9.01” and an imageable area (clipping path) of
5.87” by 8.51“ centered on the page.

dlenvelope
- dlenvelope -
sets a page size of 1IOmm by 220mm and an imageable area (clipping path)
of 97.54mm by 207.3mm centered on the page.

setemulation
emulation setemulation -
switches the printer to the selected emulation. Valid values of emulation are
as follows

=

Value Emulation

o HP LaserJet III

5 TrueImage

Other values are ignored.

lettertray
- lettertray -
causes the printer to search for a tray containing Letter-sized paper. If one is
found, page size is set to Letter, and the tray is selected as the current tray. If
no tray containing Letter paper is found, a rangecheck error is executed.
Errors - rangecheck
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Iegaltray
- Iegaltray -
causesthe printer to search for a tray containing Legal-sized paper. If one is
found, page size is set to Legal, and the tray is selected as the current tray. If
no tray containing Legal paper is found, a rangecheck error is executed.
Errors - rangecheck

a4tray
- a4tray:
causes the printer to search for a tray containing A4-sized paper. If one is
found, page size is set to A4, and the tray is selected as the current tray. If no
tray containing A4 paper is found, a rangecheck error is executed.
Errors - rangecheck

executivetray
- executivetray -
causes the printer to search for a tray containing Executive-sized paper. If
one is found, page size is set to executive, and the tray is selected as the cur-
rent tray. If no tray containing Executive paper is found, a rangecheck error
is executed.
Errors - rangecheck

b5tray
- b5tray -
causes the printer to search for a tray containing B5-sized paper. If one is
found, page size is set to B5, and the tray is selected as the current tray. If no
tray containing B5 paper is found, a rangecheck error is executed.
Errors - rangecheck

monarcenvelopetray
- monarcenveiopetray -
causes the printer to search for a tray containing Monarch-sized envelopes.
If one is found, page size is set to monarch, and the tray is selected as the
current tray. If no tray containing Monarch envelopes is found, a
rangecheck error is executed.
Errors - rangecheck
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coml Oenvelopetray
- coml Oenvelopetray-
causes the printer to search for a tray containing Corn-10-sized envelopes. If
one is found, page size is set to Corn-10, and the tray is selected as the cur-
rent tray. If no tray containing Corn-10 envelopes is found, a rangecheck
error is executed.
Errors - rangecheck

dlenvelopetray
- dlenvelopetray -
causes the printer to search for a tray containing DL-sized envelopes. If one
is found, page size is set to DL, and the tray is selected as the current tray. If
no tray containing DL envelopes is found, a rangecheck error is executed.
Errors - rangecheck

c5envelopetray
- c5envelopetray -
causes the printer to search for a tray containing C5-sized envelopes. If one
is found, page size is set to C5, and the tray is selected as the current tray. If
no tray containing C5 envelopes is found, a rangecheck error is executed.
Errors - rangecheck
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6.8.21 Errors
dictfull
dictionary is full

dictstackoverflow
dictionary stack is full

dictsta.ckunderflow
dictionary stack is empty

execstackoverflow
execution stack is full

handleerror
a procedure that reports information about errors

interrupt
external interrupt detected

invalidaccess
object does not have requested access attribute

invalidexit
exit is not within a loop construct

invalidfileaccess
file operand access string is not acceptable

invalidfont
invalid font name or font dictionary encountered

invalidrestore
improper restore attempted

ioerror
input/output error

Iimitcheck
some implementation-specific limit exceeded

nocurrentpoint
current coordinate point has not been set (using moveto or rmoveto)

rangecheck
operand value exceeds implementation limits
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stackoverflow
Operand stack is full

stackunderflow
Operand stack is empty

syntaxerror
Syntax error in TrueImage program code

timeout
time limit exceeded

typecheck
operand is of the wrong type for the operator

undefined
name not found

undefinedfilename
file not found

undefinedresult
value is too great or too small to be represented, or result is meaningless

unmatchedmark
operator cannot find mark in operand stack

unregistered
internal error

VMerror
Virtual memory is full
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E!!An m

Technical
supplement

This section provides summary lists of all commands available in the PCL5,
GL2 and TrueImage languages, character code tables for all symbol sets
available in HP LaserJet III mode, and samples of all internal fonts.

7.1 Command summary

7.1.1 Printer Control Language (PCL) commands

Command
<BS>
<HT>
<LF>
<FF>
<CR>
<so>
<s1>
<SP>
<ESC>&a n C
<ESC>&a n H
<ESC> & a n L
<ESC> & a n M
<ESC> & a n P
<ESC> & a n R
<ESC> & a n V
<ESC> & d @
<ESC> & d n D
<ESC> & f n S
<ESC> & f n X
<ESC> & f n ‘f
<ESC> & k n G
<ESC> & k n H
<ESC> & kn A
<ESC> & kn C
<ESC> & ~n D
<ESC> & ~n E
<ESC> & [n F

Function
Backspace
Horizontaltab
Linefeed
Formfeed
Carriagereturn
Select secondary font
Select primary font
Space
Horizontal cursor position (columns)
Horizontal cursor position (decipoints)
Set left margin
Set right margin
Print direction
Vertical cursor position (rows)
Vertical cursor position (decipoints)
Turn underlining off
Turn underlining on
PA/pop cursorposition
Macro control
Macro ID
Line termination
Horizontal motion index
Page size
Vertical motion index
Set line spacing
Top margin
Text length

Page
68
68
67
68
67
80
80
67
69
69
63
64
72
70
70
88
88
71

114
114
73
62
56
62
63
65
66
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Command Function
<ESC>&?n H Paper source
<ESC> & [n L Perforation skip
<ESC> & /n O Logical page orientation
<ESC> & [n P Page length
<ESC> & In U Left offset registration
<ESC> & In X Select number of copies
<ESC> & kn Z Top offset registration
<ESC> & p n X <characterduta>

Transparent print data
<ESC> & s n C End of line wrap
<ESC> ( 3 @ Set primary font to default values
<ESC> ( n Select primary font symbol set
<ESC> ( n X Select primary font by ID number
<ESC> (s n B Select primary font stroke weight
<ESC> (s n H Set primary font pitch
<ESC> (s n P Select primary font spacing type
<ESC> (s n S Select primary font style
<ESC> ( s n T Select primary font typeface
<ESC> ( S o V Set primary font point size
<ESC> ( s n W <descriptor and data>

Send character descriptor and data
<ESC> ) 3 @ Set secondary font to default values
<ESC> ) n Select secondary font symbol set
<ESC> ) n X Select secondary font by ID number
<ESC> ) s n B Select secondary font stroke weight
<ESC> ) s n H Set secondary font pitch
<ESC> ) s n P Select secondary font spacing type
<ESC> ) s n S Select secondary font style
<ESC> ) s n T Select secondary font.typeface
<ESC> ) s n V Set secondary font point size
<ESC> ) s n W<descripter>

Send font descriptor
<ESC> * b n M Set compression mode
<ESC> * b n W <data>

Transfer raster data
<ESC> * b n Y Set raster y-offset
<ESC> * c n A Set rectangle width in dots
<ESC> * c n B Set rectangle height in dots
<ESC> * c n D Font ID
<ESC> * c n E Send character code
<ESC> * c n F Font control
<ESC> *c n G Set area fill identity
<ESC> * c n H Set rectangle width in decipoints
<ESC> * c n P Draw filled rectangle
<ESC> ‘ c n V Set rectangle height in decipoints
<ESC> * p n X Horizontal cursor position (dots)

53
66
60
57
58
52
59

88
73
80
81
80
86
83
82
85
87
84

98
80
82
81
87
83
82
85
88
84

92
109

111
109
105
106
90
98
90

104
106
106
106
69
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Command
<ESC>*p n ‘f
<ESC> * r B
<ESC> * r n A
<ESC> * r n F
<ESC> * r n S
<ESC> * r n T
<ESC> * t n R
<.ESC>* v n N
<ESC> * v n O
<ESC> * v n T
<ESC> 9
<ESC> =
<ESC> E
<ESC> Y
<ESC> Z
<ESC> [ C n
<ESC> [ E n
<ESC> [ O n
<ESC> [ S n
<ESC> Z

Vertical cursor position (dots)
End raster transfer
Start raster transfer
Set raster image orientation
Set raster area width
Set raster area height
Set raster resolution
Set source transparency
Set pattern transparency
Set pattern type
Clear horizontal margins
Half line feed
Reset
Display functions on
Display functions off
Select feeder
Change emulation
Select orientation
Select paper size
Self test

Page
70

111
111
108
108
108
107
103
103
105
64
71
52
74
74
53
54
61
55
74
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7.1.2 GL2 commands

Command
<ESC> Y. n A
<ESC> CYOn B
<ESC> * C OT
<ESC> * c n K
<ESC> * c n L
<ESC> * c n X
<ESC> * c n Y
AA
AC
AD
AR
AT
CF
cl
CP
DF
DI
DR
DT
DV
EA
EP
ER
ES
EW
FI
FN
FP
FT
IN
1P
IR
Iw
LA
LB
LO
LT
PA
PD
PE
PG .
PM
PR
Pu

Function
EnterPCLmode
Enter GL2 mode
Set picture frame ancher point
Specify horizontal plot size
Specify vertical plot size
Set picture frame horizontal size
Set picture frame vertical size
Draw absolute arc
Anchor corner
Define alternate font
Draw relative arc
Draw absolute three point arc
Character fill mode
Draw circle
Character plot
Default values
Absolute direction
Relative direction
Define label terminator
Define variable text path
Edge absolute rectangle
Edge polygon
Edge relative rectangle
Extra space
Edge wedge
Select primary font
Select secondary font
Fill polygon
Fill type
Initialize
Input scaling points
Input relative scaling points
Input window
Line attributes
Define label
Label origin
Line type
Plot absolute
Pen down
Polyline encoded
Advance full page
Polygon mode
Plot relative
Pen up

122
122
121
122
12]

121
121
146
157
175
148
147
185
145
184
129
181
182
179
183
151
]52
151
191
152
176
177
155
158
128
130
131
137
160
178
179
162
140
139
142
138
149
141
139
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Command
Pw
RA
RF
RO
RP
RR
RT
SA
SB
Sc
SD
SI
SL
SM
SP
SR
Ss
Sv
TD
TR
UL
WG
Wu

Function
Pen width
Fill absolute rectangle
Raster till definition
Rotate coordinate system
Replot
Fill relative rectangle
Draw relative three point arc
Select alternate font
Scalable or bitmap fonts
Scale
Define standard font
Set absolute character size
Set character slant
Symbol mode
Select pen
Set relative character size
Select standard font
Screened vectors
Transparent data
Transparency mode
User-defined line type
Fill wedge
Select pen width unit

Page
164
154
164
136
138
154
148
176
190
132
172
186
189
166
167
187
176
167
191
168
168
156
170
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7.1.3 TrueImage operators

Operator
[
1
——
=.
a4tray
abs
add
aload
aload
anchorseach
and
arc
arcn
arcto
array
ashow
astore
atan
awidthshow
b5tray
begin
bind
bitshift
bytesavailable
c5envelope
c5envelopetray
cachestatus
ceiling
charpath
clear
cleartomark
clip
clippath
closefile
closepath
coml Oenvelope
coml Oenvelopetray
concat
concatmatrix
copy
copy
copy
copy
copy

Function
Startarrayconstruction
End array construction
Write text representation of any to standard output file
Write syntactic representation of any to standard output file
Look for A4 size paper tray
Absolute value of rtumf
numl plus numl
Push all elements of array on stack
Push all elements of packedarray on stack
Determine if seek is initial substring of string
Logical Ibitwise and
Append counterclockwise arc
Append clockwise arc
Append tangent arc
Create array of length int
Add (x, y) to width of each character while showing string
Pop elements from stack into array
Arctangent of num)/numz in degrees
Combine effects of ashowand widthshow
Look for B5 size paper tray
Push dicr on dictionary stack
Replace operator names in proc by operators
Bitwise shift to infl (positive is left)
Number of bytes available to read
Establish imaging area to C5 size envelope
Look for C5 size envelope tray
Return font cache status and parameters
Ceiling of num)
Append character outline to current path
Discard all elements
Discard elements down through mark
Clipusingnon-zerowindingnumberrule
Setcurrentpathtoclippingpath
Closefile
Connectsubpathbacktoitsstartingpoint
Establisbimagingareato COM- 10size envelope
Look for COM-10size envelope tray
Replace CTM by matrix x CTM
Fill matrix~with matrix) x mafrixz
Duplicate top n elements
Copy elements of sfrirrglto initial substring of stringz
Copy elements of arrayl to initial subarray of arrayz
Copy elements of packedurray) to initial subarray of arrayz
Copy contents of dictl to dicfz

Page
245
245
269
269
288
225
225
246
248
242
229
232
233
233
245
261
246
226
261
288
249
271
230
267

287
289
263
226
235

224
224
237
235
265
235
287
289
281
282
223
242
246
248
251
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Operator Function
copypage Transmitcurrentpage
Cos Cosine of ang/e (degrees)
count Count elements on stack
countdictstack Count elements on dictionary stack
countexecstack Count elements on exec stack
counttomark Count elements down to mark
currentcacheparams Returncurrentfont cache parameters
currentdash
currentdict
currentfile
currentflat
currentfont
currentgray
currenthsbcolor
currentlinecap
currentlinejoin
currentlinewidth
currentmatrix
currentmiteriimit
currentpacking
currentpoint
currentrgbcolor
currentscreen
currenttransfer
curveto
cvi
cvlit
cvn
cvr
Cvs
cvrs
Cvx
def
defaultmatrix
definefont
diet
dictfull
dictstack
dictstackoverflow
dictstackunderflow
div
dlenvelope
dlenvelopetray
dojamrecovery
dorep
dtransform

Return current dash pattern
Push current dictionary on orerand stack
Return file currently being executed
Return current flatness
Return current font dictionary
Return current color as gray value
Return current color as hue, saturation, brightness
Return current line cap
Return current line join
Return current line width
Fill matrix with CTM
Return current miter limit
Return array packing mode
Return current point coordinate
Return current color as red, green, blue
Return current gray halftone screen
Return current gray transfer function
Append Bezier cubic sction
Convert to integer
Make object be literal
Convert to name
Convert to real
Convert to string
Convert to string with radix
Make object be executable
Associate keyand value in current dictionary
Fill matrix with device default matrix
Registerjbnr as a font dictionary
Create dictionary with capacity for int elements
No more room in dictionary
Copy dictionary stack into array
Too many begins
Toomanyends
num] divided by numz
Establish imaging area to DL size envelope
Look for DL size envelope tray
Indicate whether jam recovery is on or off
Indicate whetber REP is on or off
Transform distance (A), dy/) by CTM or matri.r

Page
283
227
224
252
254
2z4

264
277
252
268
277
260
277
278
273
274
272
280
275

247
231
278
278
279
234
258
256
258
258
259
258
256
249
280
260
249
290
252
290
290
225
287
289
284
284
282
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Operator
dup
echo
end
eoclip
eofill
eq
erasepage
errordict
exch
exec
executive
execstack
execstackoverflow
executeonly
executivepage
executivetray
exit
exp
false
file
fill
findfont
findtray
flattenpath
floor
flush
flushfile
FontDirectory
for

forall
forall
forall
forall
framedevice
ge
get
get
get
get
getinterval
getinterval
getinterval
grestore
grestoreall

Function Page
Duplicatetopelement 223
Turncndoffechoing 269
Popdictionarystack 249
Clipusingeven-oddinsiderule 237
Fillusing even-odd role 238
Test equal 228,243
Paint current page white 238
Error handler dictionary 251
Exchange top two elements 223
Execute arbitrary object 253
Invoke interactive executive 271
Copy exec stack into array 254
Exec nesting too deep 290
Reduce access to execute-only 257
Establish imaging area to executive size 286
Look for Executive size paper tray 288
Exit innermost active loop 254
Raise num to exponent power 227
Push boolean value~alse 229
Open tile identified by sfrirrg~with access sfringz 265
Fill current path with current color 238
Return font dictionary identified by key 260
Find the specific paper tray 286
Convert curves to sequences of straight lines 235
Floor of rrum) 226
Send buffered data to standard output file 267
Send buffered data or read to EOF 267
Dictionary of font dictionaries 262
Execute proc with values form start by steps of incremenf to 253
,finish
Execute proc for each element of string 242
Executeproc for each element of array 246
Execute proc for each element of packedarray 248
Executeproc for each element of dicf 251
Install frame buffer device 283
Test greater or equal 228,244
Get string element indexed by index 241
Get array element indexed by index 245
Get packedarray element indexed by index 247
Get value associated with k~ in diet 250
Substring of string at index for count elements 241
Subarray of array starting at index for count elements 245
Subarray of packedarray starting at index for count elements 248
Pop graphics state 272
Pop to bottommost graphics state 272
Posh graphics state 271
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Operator
gt
handleerror
identmatrix
idiv
idtransform
if
ifelse
image
imagemask
index
initclip
initgraphics
initmatrix
interrupt
invalidaccess
invalidexit
invalidfileaccess
invalidfont
invalidrestore
invertmatrix
ioerror
itransform
known
kshow
Ie
legaltray
length
length
length
length
lettertray
Iimitcheck
Iineto
In
load
log
loop
It
makefont
mark
matrix
maxlength
mod
monarcenvelope

Function
Test greater than
Called to report error information
Fill rrrafri,rwith identity transform
Integer divide
Inverse transform distance (dw, d}’{)by CTM or mfri.x

Executeproc if bool is true
Execute procl it’boo[ is true, procz if bocd is false
Paint monochrome sampled image
Paint current color through mask
Duplicate arbitrary element
Set clipping path to device default
Reset graphics state parameters
Set CTM to device default
External interrupt request
Attempt to violate access attribute
exit not in loop
Unacceptable access string
Invalid font name or dictionary
Improper restore
Fill rnafri.n with inverse of matrix]

Input/output error occurred
Inverse transform (x{,?J) by CTM or matrix

Test whether key is in diet

Execute proc between characters shown from .sfrirr~

Test less or equal
Look for Legal size paper tray
Number of elements in .sfrirrg

Number of elements in array

Number of elements in packedarrcly

Number of key-value pairs in dicf

Look for Letter size paper tray
Implementation limit exceeded
Append straight line to (x,})
Natural logarithm (base e)
Search dictionary stack for key and return associated va[ue

Logarithm (base 10)
Execute pm- an.indefinite number of times
Test less than
Transform@rt/ by mafri.x to produce new~fmrz
Push mark on stack
Create identity matrix
Current capacity of diet

infl mod irrtz

Establish imaging area to Monarch size envelope
monarcenvelopetray Look for Monarch size envelope tray
moveto set current point to (x. })

Page
~2&244

290
280
225
282
253
253
239
240
224
237
272
280
290
290
290
290
290
29o
282
290
282
250
262

228, 244

288
241
245
247
249
287
290
231
227
250
227
253

228,244
260
224
280
249
225
287
288
231
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Operator
mul
ne
neg
newpath
noaccess
nocurrentpoint
not
null
nulldevice
or
packedarray
papertray
pathbbox
pathforall
pop
ppapersize
print
prompt
pstack
put
put
put
putinterval
putinterval
quit
rand
rangecheck
rcheck
rcurveto
read
readhexstring
readline
readonly
readstring
repeat
resetfile
restore
reversepath
rlineto
rmoveto
roll
rotate
round
rrand
run
save

Function
numl times num2

Test not equal
Negative of num)
Initialize current path to be empty
Disallow any access
Current point is undefined
Logical Ibitwise not
Push null on operand stack
Install no-output device
Logical Ibitwise inclusive or
Create packed array consisting of the specified n elements
Return int indicating the current tray
Return bounding box of current path
Enumerate current path
Discard top element
Ask the paper size of the specific paper tray
Write string to standard output file
Executed when ready for interactive input
Print stack non-destructively using ==
Put inf into .sfring at index

Put an} into array at index

Associate key with value in diet
Replace substring of .s[rin,q/starting at index by strin,q

Replace subarray of array starting at index by .subarray

Terminate interpreter
Generate pseudo-random integer
Operand out of bounds
Test read access
Relative curveto
Read one character fromfile
Read hex from,file into string
Read line fromfile into string
Reduce access to read-only
Read string fromfile
Execute proc inf times
Discard buffered characters
Restore VM snapshot
Reverse direction of current path
Relative lineto
Relative moveto
Roll n elements upj times
Rotate user space or define rotation by angle degrees
Round num/ to nearest integer
Return random number seed
Execute contents of named file
Create VM snapshot

Page
225

228,243
226
231
257
290
229
271
283
229
247
285
236
236
223
286
268
269
269
241
245
250
241
246
255
227
290
257
234
265
266
266
257
266
253
268
270
235
232
231
224
281
226
227
268
270
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Operator
scale
scalefont
search
setcachedevice
setcachelimit
setcacheparams
setcharwidth
sefdash
setdojamrecovery
setdorep
setemulation
setflat
setfont
setgray
sethsbcolor
setlinecap
setlinejoin
setlinewidth
setmatrix
setmiterlimit
setpacking
setpapertray
setrgbcolor
setscreen
settransfer
settray
show
showpage
sin
sqrt
srand
stack
stackoverflow
stackunderflow
StandardEncoding
start
status
stop
stopped
store
string
stringwidth
stroke
strokepath
sub
syntaxerror

Function
Scale user space or define scaling by .xand y
Scale fontl by scale to produce new,font>
Search for seek in string
Declare cached character metrics
Set maximum bytes in cached character
Change font cache parameters
Declare uncached character metrics
Set dash pattern for stroking
Turnjam recovery on/off
Turn REP onloff
Switch the emulation
Set flatness tolerance
Set font dictionary in graphics state
Set color to specified gray value
Set color to specified hue, saturation, brightness
Set shape of line ends for stroke
Set shape of corners for stroke
Set line width
Replace CTM by marri,r
Set miter length limit
Set array packing mode
Establish which input tray and set the imaging area
Set color to specified red, green, blue
Set gray halftone screen
Set gray transfer function
Set tray which paper will be fed
Paint characters of string on page
Transmit and reset current page
Sine of angle (degrees).
Square root of num
Set random number seed
Print stack non-destructively using =
Operand stack overflow
Operand stack underflow
Standard font encoding vector
Executed at interpreter startup
Return status offile
Terminate stopped context
Establish context for catching stop
Replace topmost definition of key

Create string of length int
Width of string in current font
Draw line along current path
Compute outline of stroked path
numl minus num2
Language syntax error

Page
281
260
242
263
263
264
263
276
284
284
287
277
26(I
277
278
273
274
272
280
275
247
286
278
278
279
285
261
283
227
226
227
269
291
291
262
255
268
254
254
250
241
262
238
235
225
291
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Operator
systemdict
timeout
token
token
transform
translate
traysup
true .
truncate
type
typecheck
undefined
undefinedfilename
undefinedresuIt
unmatchedmark
unregistered
userdict
usertime
version
VMerror
vmstatus
wcheck
where
widthshow
write
writehexstring
writestring
xcheck
xor

Function
System dictionary
Time limit exceeded
Read token from start of string
Read token fromjile
Transform (x], >/) by CTM or matrix
Translate user space or define translation by (x, y)
Check whether the specified paper tray is supplied
Push boolean value true
Remove fractional part of rum)
Return name identifying the type of any
Operand of wrong type
Name not known
File not found
Over/underflow or meaningless result
Expected mark not on stack
Internal error
Writable dictionary in local VM
Return execution time in milliseconds
Interpreter version
VM exhausted
Report VM status
Test write access
Find dictionary in which key is defined
Add (.x,y) to width of char while showing string
Write one character tofi’[e
Write string tofile as hex
Write string tofile
Test executable attribute
Logical Ibitwise exclusive or

Page
252
291
243
267
282
281
285
229
226
256
291
291
291
291
291
291
252
271
271
291
270
257
251
261
265
266
266
256
229
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7.2 Character set tables
ISO 60: Norwegian

234567 I
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Roman Extension

o

1

2

3

4

5

6

7

8

9

A

B

c

D

E

F
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ISO 25: French
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ISO 15: Italian
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JIS ASCII
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ECMA-94 Latin 1
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!

ECMA-94 Latin 1
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ISO 11: Swedish
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I

US-ASCII
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ISO 61: Norwegian
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I

ISO 4: UK

2 I 3 I 4 I 567 I
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.- — -- —
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I

ISO 21: German
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HP Spanish
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I

ISO 57: Chinese

320



ISO 17: Spanish

I
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I

ISO 2: IRV
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!

1s010:

o 1 2 3 4 5 6 7

I I 1 VI I r-w, I -“

I

I 9
I 1 1 1 , -. .+

I A

I I I 101 I261 I 42

<Lcr>

I E
I I 1I*I ISJ{ I*U

LF
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ISO 16: Portuguese
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ISO 84: Portuguese
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ISO 85: Spanish

I I ,“, I c“, 1 -c,

I ----- I I

I 1 I l-r, I 4“,
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Roman-8
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IBM-PC(US)
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330



IBM-PC(DenmarWNorwaY)
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I

IBM-PC(Denmark7Norway)
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I

7 IaP 112

q
113

r
114

s
115

-4t 116

4u 117

4v 118

2
w

119

x
120
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I

PC-850
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I

7.3 Resident font samples
PCL5 fonts

Courier 12-point (10 cpi) ! II#$%&f ( ) *+, -. / 0123456789 :

;z=>?@ABCDEFGHIJK~OPQRST
uvwxYz[\]A– ‘abcdefghijklmn
opqrstuvwxyz{ I}-*

CourierBold12-point !w#$s&t()*+,-. /oI234s678g:

(locpi) ;<s>?QABCDEI?GHIJKLMNOPQRST
uvwxYz[\]A– ‘abcdefghijklmn
opqrstuvwxyz{l}+

CourierItalic12-point ~fI#$s&to*+,-./OIZ345678g:
(locpi) ;~=~?@BCDEFGHIJKLMNOPQRST

vvwxYz[\]A– ‘abcdefghijklmn
opqrstuvwxyz{l}-#

Courier 10-point (12cpi) !“#$%.&’ ( )*+, -./0l23456789: ;<=>?

@ABcDEFGHIJ~~OpQRSTWXyZ I\lA
‘abcdefghijklmnopqrstuvwxyz{ 1}

‘B

Courier Bold 10-point !“#$%&’( )*+,-o/0123456789 :;<=s?

(12cpi) e~CDEFGEIJ_OpQRs-XyZr\] -
‘abcdefghijklnmopqrstuvwxyz{ 1}

3

CourierItalic10-pOint !vif$%.S’()*+,-./O123456789:;<=b?
(12cpi) .@ASCDEFGHIJKLMNOPQRSTUVWXYZ[\1A

‘abcdefghijklmnopqrstuvwxyz{[}

a

LinePrinter8.5-point I,,fi~,ox+,../01z3ks67B~:;<z>?aABcDEFGHIJK

(16.6cpi) LMNOPQRSTUVUXYZ[\lA_ ~abcdefghijklnmopqrstuv
wxyz{l)-~

Univers Medium !“#$YO&’()’ +,-,/0123456789:; < =>?

@ABcDEFGHIJKLMNOpQRsTUVWXYZ
Nl”-’abcdefghijklmnopqrstuvwxyz{ [}-

%
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Univers Medium Italic !*’#$%&‘()*+,../0123456789:; < = > ?
@ABCDEFGHIJKLMNOPQRSTUVWXY2
AIA-’abcdefghUklmnopqrstuvwxyz{1}-
%

Univers Bold !“#$~O&’()*+ ,.. /01 23456789:; < = > ?
@ABCDEFGHIJKLMNOPQRSTUVWXYZ
[\lA-’abcdefghijklmnopqrstuvwxyz{I}-
B

Univers Bold Italic !“#$%&’() *+,-./0123456789:;< = > ?
@ABCDEFGHIJKLAINOPQRSTUVWXYZ
N’-’abcdefghiklmnopqrstuvwxyz{/ )-
@

CG Times !“#$%&’()*+ ,-@/012345(j789:;< = >’?@~
CDEFGHIJ~MNOPQRSTUWYZ[’\]A-<
abcdefghijklmnopqrstuvwxyz{I}-~ ~

CG TimesItalic !“#$%&‘()*+,../o123456789:;c =B ?QAB
CDEFGHIJKLMNOPQRSTUWVXXZ [\]A-’ab
cdefghijklmnopqrstuvwxyz{~} -~

CG Times Bold VI~%&~()*+,../oIzM$xjw:; < = > ?@AB
iDEFGHIJKLMNOPQRSTUvwxYz[\]A
-’abedefghijldnmopqrstuvwxyz{I} -~

CG Times Bold Italic I II#$%& ‘~*+,../OIZJdS&dP:; c = > ?@.4B

CDEFGH~KLMNOPQRSTUVWXYZ[r-’
abcdefgh~klmnopqrstuvwxyz{~)-~
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TrueImage fonts

Arial

Arid Bold

Arial Bold Oblique

Arial Oblique

Arial Narrow

Arial Narrow Bold

Aria] Narrow Bold Oblique

Arial Narrow Oblique

Century Schoolbook Bold

Century Schoolbook Bold
Italic

!“#$%&’()*+,-./()l 23456789: ;<=>?@AB
CDEFGHIJKLMNOPQRSTUVWXYZ~]A
–’abcdefghijklmnopqrstuvwxyz{l}-

!“#$O/O&’()*+,.J01234567W:;<=>? 6
YCDEFGHIJKLMNOPQRSTUVWXY @]A

–’abcdefghijklmnopqrstuvwxyz{l}-

!“#$%&’()*+,-./olz3456789:;<=>?@AB
CDEFGHIJKLMNOPQRSTUVWXYZfl]A
–’abcdefgh~klmnopqrstuvwxyz{/]-

!’I#$%&‘()’+,-,/0123456789:;<=> ?@AB
CDEFGHIJKLMNOPC?RSTfJVWXYZ@]”
– ‘abcdefghijk/mnopqrstuvwxyz{/}-

!“#$%&’()*+,-,/o123456789:;<=>?@ABcDEFGHI
JKLMNOPQRSTUVWXYZ~]*-’abcdefghijklmnop
qrstuvwxyz{l}-

!“#$%&’()’+,-J0123456789:;c=>?@ABCDEFG
HIJKLMNOPQRSTUVWXYZ@]h-’abcdefghijkl
mnopqrstuvwxyz{D-

Y’#$%&’()*+,.,/01234s6789:;<=>?@ABCDEFG
HIJKLhfNOPQRSTUVWXYZ@]A-‘abcdefghijkl
mnopqrstuvwyz{/}-

!“#$%&~)*+,-,/01z3456789:;<=>?@A8CDEFGHl
JKLMNOPQRSTUVWXYZ@]”-‘abcdefghijklmnop
qrstuvwxyz{/}-

!“#$70&’()*+,-./o1234~678g:;<=>?(ZAB
CDEFGHIJKLMNOPQRSTUVWXY
2[ \ ]A–’abcdefghijklmnopqrstuvwx
p{ I}-

!“#$Yo&’()*+,-./o123456789:;< =>?@
BCDEFGHIJKLMNOPQRSTUVWX
YZ[\ ]A–’abcdefghijk lmnopqrstu vw
xyz{[}-

—
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Century Schoolbook Italic ~“#$YO&’()*+,..10123456789:;<=> ?@4B
CDEFGHIJKLMNOPQRSTUVWXYZ/
\]A-’abcdefgh.~klmnopqrstuvwxyz{ ~}-

Century Schoolbook Roman !“##$%&’(j*+,../oU345678g: ;c=B?WB
CDEFGHIJKLMNOPQRST UVWXYZ[
\] ”-’abcdefghijklnmopqrstuvwxyz{ I}-

—
Courier ! II#$%h’( )*+r-./O123456T89:;<

.>?@~cDEFGHIJKLMNopQRsTuvwxy
z[\]A‘abcdefghijklmnopqrstuv
wxyz{T}-

Courier Bold !ll#$%&J ()*+,- .10123456789:;<
.>?@~cDEFGHI~~OpQRST~Y
z[\]A ‘abcdefghijklmnopqrstuv
wxyz{T}-

Courier Bold Oblique !“#$%&’( )* +,-./Ol23456789: ;<
=>9@~cDEFGHI~~opQRsT~xy
z[\]A ‘abcdefghijklmnopqrstuv
wxyz{~].

Courier Oblique .I “#$gL~() *+,-./OIZ34567gg: ;<
.>?@ABcDEFGHIJKLMNopQRsTu~xy
z[\]” ‘abcdefghijklmnopqrstuv
wxyz{7}-

ITC Avant Garde Gothic Book ~’##$YO&’()*+,-./O123456789:;<=>?@AB
CDEFGHIJKLMNOPQRSTUVWXYZ[\]”-
‘abcdefghijklmnopqrstuvwxyz{ l}-

ITC Avant Garde Gothic Book P#.$5%&’()*+,-,/01Z3L156789;<=>?@AB
Oblique CDEFGHIJKLMN(IPQR.STUVWXYZ[ \)A-

‘abcdefghijklmnopqrstuvwxyz{/}-

ITC Avant Garde Gothic Demi !“#$yo&’()*+,.,/0123456789:;<=>?@AB
CDEFGHIJKLMNOPQRSTUVWXYZ[ \]“-’
abcdefghijklmnopq rstuvwxyz{I}-

ITC Avant Garde Gothic Demi !“#$%&’()*+,-./0123456789:;<=> ?(QAB
Oblique CDEFGHIJKLMNOPQRSTUVWXYZ[IJA-’

abcdefghfiklmnopqrstuvwx yz{/}-
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ITC Bookman Demi

ITC Bookman Demi Italic

ITC Bookman Light

ITC Bookman Light Italic

ITC Zapf Chancery Medium
Italic

ITC Zapf Din,gbats

Symbol

Times New Roman

Times New Roman Bold

Times New Roman Bold Italic

tII#$%&?OX+,., /oIzwIsGTtIK)::<c>?

6~CDEFGHIJKLMN0~RSTUW
xYz[’\]A‘abcdefghijklmnopqrstuv
Wxyz{I}:

,,,H$%&,o~+,-.lol 23456789:;<=>?
6ABCDEFGHZJKLMJV0PQRSTW
XYZ[\]A-’c@cdefghQ”klmnopqrstuv
Wxyz{ I}-

!“#$YO&’()*+,-. /0 123456789:; <=>?@:’
ABCDEFGHIJKLMNOPQRSTUVWXY
Z[\ ]A–’abcdefghijkhnnopqrstuvwxyz{
l}-

.v’#$Yo&’()*+,-. /0123456789:;<=>?@A
BCDEFGHIJKLMNOPQ!RSTWWXYZ[
\]A-”abcdeJghijklmnopqrstu vwxyz{ I}

!“#$@&’()*+,-./ Ol23456 789:;<=> ?@AllCD’J5~G
~IJ~~~~OpQ~mW~Z[\] A-’(lbCdejjhq~

hvtopyr.ctuzmqyz{l}-

%K?+@r4m’+-w&-d-ed/
X%XX++’I+FFW +1”+++ +*-W**
*** fi**********’3*w**@a*
x*X+!+~~~+:+~’–l~-~A~++:+DU6S
99

!V#~qo&30x+,-,/01234 S6789: ;<=>’?ABX
A~@rHI@KAMNOH@p2TY<QEy~ .“.IL–

~~X6E$~lL~K~~VO~ 6[>C7TVUCtl~+~{ 1}-

III#$y~~()*+ ./01234S6789: ;<=>?@LABc
DEFGHIJKL.tiOPQRSTU vwmz[y”-sa
bcdefghijkhnnopqrstuv~vxyz{I}-

?JJ#$O/o&~()*+,-./O123J5678y:;<=>?f:~.~~]
6DEkIGIIIJ~h~{JlJQIlSrI[I\\VX}’Z~]
‘–’abcdcfghijMmnol] qt’stuv~vxyz{ l)-

II~#$~& ‘~*+,../0123~567By :;<=> ?)~IjCjC’
DEFGHIJKLMNOPQRLVTUVW~Zfl]A–
abcde~gh(jklnlnopqr.vtuw~~.vyzflj-
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TimesNewRomanItalic j“#$%&7‘()*+,../oJ3J3i4789:,:, < =>:~~~).lllc
DEFGHIJATL,thV’OPQl<is”l’b’L”li;.ll’Z/“oh
c(lej~h~A-lt)rll(][>q!..~t!.(\~~l]~~z{~}-

ZapfCalligraphicBold !“#$yO&’()*+,../01234567S9:;< =>?@ABC
DEFGHIJKLMNOPQRSTUVWXYZ[ \]
‘–’abcdefghijklmnopqrstuvwxyz{ ]}-

ZapfCalligraphicBoldItalic ~“#$%&’()*+,../ol234567sg:;<=>?@ABC
DEFGHIJKL.MNOPQRS luvwxYz[\ ]“
–’abcdefghijklm nopqrstuvwxyz{ I)-

ZapfCalligraphicItalic /“#$%[+’()*+/../o123&i678$l:;<=> ?(@ABL’
DEF~HIJK1.MNOIJQl<S]’L[ VWXY4 \] ‘-
‘[z[)cdcfghijklm~l(y~ql.stuvzu.yz{I}-

ZapfCalligraphicRoman !’I#$~&’()*+,-./O123456789:;<=>?@Af3C
DEFGHIJKLMNOPQRSTUVWNZ[ J,]A
–’abcdefghijklmnopqrstuv wxyz{ I}-
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Glossary m
Absolute movement

Absolute plotting

Addressable area

Anchor point

Anisotropic scaling

Ascender

ASCII codes

Attribute

Baseline

Bitmap font

Bold

Boolean

Bounding box

CTM

Movement of the cursor relative to the coordinate
system origin.

Drawing using coordinates relative to the coordinate
system origin.

See logical page.

The top left-hand corner of the PCL picture frame.

GL2 scaling mode where x- and y-axis units can be
of different sizes.

Part of a character that extends upwards above the
level of most other characters. for example the top
parts of a ‘k’ or ‘l’.

Codes (O-255) identifying alphabetic, numeric and
control code characters.

A characteristic of a font or character.

An imaginary line on which characters lie. Most
characters sit squarely on the baseline, however,
some extend below the baseline.

A font comprised of characters defined as patterns of
dots. Bitmap font characters cannot be scaled.

Thicker type, used to make text more prominent.

A TrueImage variable type that can have two possi-
ble values - true or false.

The smallest enclosing upright rectangle into which a
character will fit.

See Current transformation matrix.
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Caching

Calling a macro

Cartridge

Cartridge font

Cartridge macro

Character cell

Character code

Character
descriptor

Character set

Clipping path

Column

Control code

Cross-hatching

Storage of character bitmaps that have been calcu-
lated from character definition outlines. TrueImage
performs font caching in order to avoid recalculating
a character’s bitmap pattern every time it prints the
character.

Macro invocation in which any changes made to the
modified print environment are temporary.

A storage medium for fonts and macros that can be
inserted into the printer’s cartridge slot, permitting
the use of more fonts and macros without using up
printer memory.

A font supplied on a cartridge. Cartridge fonts are
available from a number of different vendors.

A macro stored on cartridge. Users can create their
own macros and copy them onto cartridge.

An imaginary rectangular box surrounding a charac-
ter that defines its placement relative to other charac-
ters.

A number that uniquely identifies a character.

A block of data that describes characteristics of a
downloadable font character.

See Symbol set.

The path to which page output is clipped. In TrueIm-
age emulation mode, this may be any shape.

A vertical sub-division of the page defined by the
HMI (horizontal motion index). The PCL cursor
moves one column width across the page when a
monospaced font character is printed, or when the
space character of a proportionally spaced font is
printed. See also HMI.

An ASCII code that instructs the printer to perform a
particular function, for example a carriage return.

Criss-cross diagonal shading.
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Current path

Current position

Current settings

Current
transformation
matrix

Current units

Cursor position

Decipoint

Descender

Destination image

Device space

Dictionary

Dot

The path that is currently being built-up by TrueIm-
age path operators, and which may be rendered using
paint operators. See also path.

Position in TrueImage user space from which path
definition may proceed.

The settings with which the printer is currently work-
ing, as established by control panel settings and soft-
ware commands.

Matrix that translates TrueImage user space coordi
nates to the coordinates used internally by the printer
device space coordinates.

The currently effective GL2 coordinate system units
- plotter units or user units. User units are defined
using the SC command.

The position on the current page from which printing
or cursor movement can proceed.

A unit equal to 1/720”.

The lower part of a character, such as a ‘y’ or ‘g’ that
extends below the baseline.

Text and graphics that have already been committed
to the page. The LaserJet 111print model defines the
interaction between the source and destination
images.

In TrueImage mode, the printer’s own internal coor-
dinate system, which is usually transparent to the
user.

A table associating keys (names) with values. True-
Image uses dictionaries to store font data (character
names are associated with the procedures that render
them) and also to associate procedure and operator
names with their actions.

A unit equal to 1/300”
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Downloadable font

Downloading

Effective window

Emulation mode

Enable for overlay

Escape sequence

Even-odd rule

Factory
default
environment

Fill

Fixed spacing

Font

A font that can
host computer.
memory.

The action of

be downloaded to the printer from a
Downloaded fonts reside in printer

transferring a font, macro or page
description file from a host computer to the printer’s
memory.

A rectangular area on a page within which GL2
graphic output will be visible. The effective window
is the intersection of the logical page, picture frame,
printable area and input window.

A mode in which the printer imitates the functional-
ity of another printer or class of printer.

Macro invocation whereby a macro is run as the final
operation before every page is printed. Overlaid tmac-
ros use the settings of the macro overlay environ-
ment.

A sequence of character codes starting with an ESC
character, which is followed by one or more other
characters. PCL5 printer commands are implemented
as escape sequences.

A rule that defines whether a point lies inside a path
or not. for the purpose of filling the path. If a line
from the point to another point that lies outside the
path is crossed an odd number of times by path seg-
ments. the original point lies inside the path; other-
wise it lies outside. See also the zero-winding rule.

Printer settings made before the printer is sent out
from the factory. Factory settings can be restored
from the control”panel.

Shading applied to a shape or character.

See monospacing.

A collection of characters with common attributes.
Printer fonts may be resident in printer ROM, maybe
read from cartridge or downloaded from a host com-
puter.
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Font descriptor

Font dictionary

Graphics state

Gray scale

Half-tone

Hard clip limits

Hatching

Height

HMI

Horizontal plot size

A block of data describing common characteristics of
u font’s characters.

A TrueType or PostScript font is represented as a dic-
tionary - a table of keys and values that associates the
name of each character with a procedure to render
the character.

In TrueImage mode, a collection of settings that
determine the way in which path construction and
painting operators are interpreted. Graphics states
may be saved and restored.

Shade of gray that,ranges from O%, white, to 10070,
black (HP LaserJet III mode), or from O.black, to 1,
white (TrueImage).

A pattern of black and white dots designed to simu-
late a gray scale.

The area of the page on which the printer can print
visible GL2 output - equivalent to the PCL printable
area.

Parallel-line shading.

The height of a font measured from the top of the
highest ascender, to the bottom of the lowest
descender. PCL5 fonts are measured in typographic
points(1/72”);TrueImage fonts are specified in terms
of the current unit size.

Horizontal motion index. The width of a single col-
umn. This is the horizontal distance the PCL5 cursor
moves across the page when printing a single mono-
spaced font character, or the space character of a pro-
portionally-spaced font. The HM1 may be set using
PCL5 commands. See also Column.

The horizontal size of a GL2 graphic image that is to
be imported. The specification of horizontal and ver-
tical plot sizes allows images to be fitted exactly into
the picture frame.
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Initial settings

Input window

Internal font

Interpreter

Isotropic scaling

Justification

Label

Landscape

Line attribute

Logical page

Macro

A collection of printer settings consisting of all the
current control panel settings. A software or control
panel reset restores the initial settings, without
changing the current emulation.

A rectangular area, defined by the IW command,
outside which no GL2 output can appear. The input
window is sometimes referred to as the soft clip lim-
its.

A font that is resident in the printer’s ROM, such as
Univers in HP LaserJet III mode or Times New
Roman in TrueImage mode. Each mode has a num-
ber of these fonts, which can be selected at any time
that the printer is in that mode.

The software in the printer that executes the com-
mands in TrueImage page description programs and
any other TrueImage software.

GL2 scaling mode in which x- and y-axis units must
be the same size.

The alignment of text output on the page. Left justifi-
cation aligns the left edge of every line; right justifi-
cation aligns the right edge of every 1inc.

A GL2 text string.

A page orientation that sets the long edge of the page
as the top edge.

Line end type, line join type or miter limit.

The area of the PCL physical page within which the
cursor may be positioned. The logical page can be
repositioned on the physical page.

A sequence of PCL5 commands that the user down-
loads to printer memory or onto cartridge. A single
command causes the macro to be run. There are three
ways of running a macro: calling a macro, executing
a macro and enabling a macro for overlay.
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Macro execution Macro invocation in which any changes made to the
modified print environment are retained after macro
execution has finished.

Macro overlay Environment used by a macro enabled for overlay.
environment The macro overlay environment is a combination of

the user default environment and the modified print
environment.

Medium Type of normal line thickness - used for body copy.

Miter length The length of the spike formed by the intersection of
two lines that join at an angle. The miter length is the
distance between the inside and outside corners of
the line join.

The maximum permitted ratio of miter length to line
width. Line joins whose miter length would exceed
the miter limit are clipped to a different shape.

Miter limit

Modified print
environment

Monospacing

Object

Operator

Path

Pattern

Environment consisting of all current HP LaserJet HI
printer settings. If a macro is called or enabled for
overlay, the modified print environment is saved and
then restored when the macro has run.

Font spacing type where each character occupies an
equal horizontal space on a line of text. Courier fonts
are monospaced fonts.

Element in a TrueImage program.

Built-in TrueImage command.

A sequence of connected and disconnected points,
straight lines and curves that defines a shape and its
position on the page. See also subpath, current path
and clipping path

A hatching pattern or gray scale that can be used to
fill a shape or character.
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Pattern
transparency

PCL

Pen

Perforation skip

Permanent font

Permanent macro

Physical page

Picture frame

Pitch

Plot

Plotter units

Point

The patterned (non-white) areas of a source image
can be either transparent or opaque. If transparent,
the destination image will be visible through any
white parts of the source image’s patterned areas. If
opaque, the destination image will not be visible at
all through the patterned areas of the source image.

Printer Control Language. PCL5 commands control
the printer in HP LaserJet III mode.

Imaginary pen whose movements plot or define
shapes in GL2 mode. There are two pens available -
white and black. A pen must be selected before any
lines can be drawn.

A function prohibiting the printer from printing text
below the bottom margin. Text flows onto the next
page instead. In PCL5 mode perforation skip may be
turned on or off.

In HP LaserJet III mode, a downloaded font that is
retained when a printer reset is performed.

In HP LaserJet III mode, a macro in printer memory
that is retained when a printer reset is performed.

The medium (paper, overhead projection slide or
envelope) on which output is printed.

The area of the physical page within which GL2 out-
put can appear. The size and position of the picture
frame can be set using PCL commands.

The number of monospaced font characters in an
inch of text.

An image rendered by GL2 commands.

The default GL2 coordinate system units. 1 plotter
unit = 1/1016“.

The standard unit of font height. 1point= 1/72.27”.
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Point factor scaling

Point size

Polygon

Polygon buffer

Portrait

Posture

Primary font

Print model

Printable area

Print position

Proportional
spacing

RAM

GL2 scaling mode where x- and y-axis units are
specified as multiples of plotter units. x- and y-axis
units can be of different sizes.

See height.

A shape comprising one or more closed sets of con-
nected lines.

An area of printer memory set aside for storing poly-
gons. Some GL2 commands can reference the buffer
explicitly, while others use it automatically.

A page orientation in which the side edges of the
page are longer than the top edge.

A characteristic of a font. A font can be upright or
italic (oblique).

One of two font definitions that are always main-
tained in PCL mode.

A way of considering the interaction between differ-
ent graphic elements. The HP LaserJet III print
model describes the interaction in terms of a source
image, a pattern and a destination image.

The area of the physical page in which the printer can
place output.

The current cursor position.

Font spacing type in which the horizontal space
occupied by each different character in a line of text
varies according to its design. Univers and Times
fonts are proportionally-spaced.

(Random Access Memory), the printer’s memory.
The printer uses its memory to compose each page of
output before printing it, to store downloaded fonts
and macros, and to store other necessary data, such
as current environment settings.
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Raster graphics

Relative movement

Relative plotting

Reset

ROM

Row

Sarisserif

Scalable font

Scaling

Graphic images made up of successive lines of
zeroes and ones that represent white areas and pat-
terned areas.

Cursor movement relative to the current cursor posi-
tion.

Drawing using coordinates relative to the current pen
position.

A printer reset restores the printer’s initial settings. A
reset may be performed from the control panel or in
software.

(Read Only Memory), the printer’s ROM memory
contains its emulation mode software and the internal
fonts. The contents of ROM cannot be altered from a
host computer.

A horizontal sub-division of the page, defined by the
VMI (vertical motion index). A line feed causes the
PCL cursor to move down the page one row. See also
VMI.

A typeface normally used for headings, headlines
and other text that is to be prominently displayed.
Saris serif characters lack the small curly hooks (ser-
ifs) that make serif-font body text more readable.

A font comprised of characters defined as outlines.
The user may select the font in any size - the printer
automatically scales the characters to the required
size. Compare bitmap font.

In GL2 mode, setting the size of coordinate system
units using the SC command, to determine the size of
graphic output. Three types of scaling are available:
anisotropic, isotropic and point factor.
In TrueImage mode, setting the ratio of device space
units to user space units, in order to set the size of
output.
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Scaling points

Scan conversion

Secondary font

Serif

Soft clip limits

Source image

Source
trans~arencv

Stack

Stick font

Stroke weight

The reference points, PI and P2, which establish the
position of GL2 output. The scaling points can be
positioned using the 1P and IR commands.

The conversion of the output described in a TrueIm-
age page description to the dot pattern that the printer
applies to the page.

One of two font definitions that are always main-
tained in PCL mode.

A typeface normally used for body text. Serif type-
face characters have small curly hooks (serifs) that
serve to make serif-font body text more readable.

See Input window.

In the LaserJet HI print model, graphic image that is
superimposed onto the destination image. The cur-
rent source and pattern transparency settings deter-
mine the resultant output.

A source image can be either transparent or opaque.
If transparent, the destination image will be visible
through white parts of the source image. If opaque,
the destination image will not be visible at all
through the source image.

A data structure used by TrueImage to process True-
Image code. The object placed on the stack most
recently must be retrieved first. TrueImage also uses
stacks to store graphics states, virtual memory states
and environments.

The default GL2 font, designed for use in technical
drawings. Stick font characters are comprised of thin
straight lines.

The thickness of character strokes. The normal stroke
weight is Medium. Other common weights are Bold,
Black and Light.
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Subpath

Sub-polygon

Symbol set

Temporary font

Temporary macro

Text area

Text direction

TIFF

Transparency

~peface

User default
environment

A series of connected line segments, forming a
shape. A TrueImage path is made up of one or more
subpaths.

A single closed set of connected lines, forming a
shape. A GL2 polygon is made up of one or more
sub-polygons.

A set of printable characters. Character sets usually
include the alphabet in upper- and lowercase, the dig-
its O-9, punctuation symbols and some additional
characters. There are many specialized character
sets, used for special purposes, such as printing for-
eign language characters.

In HP LaserJet 111mode, a downloaded font that is
not retained when a printer reset is performed.

In HP LaserJet HI mode, a macro in printer memory
that is not retained when a printer reset is performed.

The area of the physical page on which text can be
printed.

The direction in which text is printed, relative to the
physical page’s orientation.

(Tagged Image File Format), a compressed raster
graphics file format.

See pattern transparency and source transparency.

The design of a font’s characters. Typefaces are
designed so that the individual character shapes work
together to produce visually pleasing, readable text.

In HP LaserJet III mode, an environment that is a
combination of”the factory default settings and the
control panel settings. The user default environment
takes effect on power-up in HP LaserJet HI mode, or
when HP LaserJet III mode is entered from another
emulation mode. The printer can be reset to user
default settings either from the control panel or in
software with the <ESC> E command.
The user-default environment settings are equivalent
to the initial settings.
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User space

User units

Vertical plot size

Virtual memory

VMI

Zero-winding rule

TrueImage’s coordinate system. User space coordi-
nates referenced in TrueImage page description pro-
grams are translated to the printer’s device space
coordinates.

GL2 coordinate system units specified with the SC
command.

The vertical size of a GL2 graphic image that is to be
imported. The specification of horizontal and vertical
plot sizes allows images to be fitted exactly into the
picture frame.

In TrueImage mode, an area of printer memory in
which the values of TrueImage arrays, dictionaries
and strings are stored. Snapshots of virtual memory
may be saved and restored.

Vertical motion index. The height of a single row.
The horizontal distance that the PCL5 cursor moves
across the page when a single monospaced font char-
acter or the space character of a proportionally-
spaced font is printed. The VMI may be set using
PCL5 commands. See also Row.

A rule that defines whether a point lies inside a path
or not, for the purpose of filling the path. If a line
from the point to another point that lies outside the
path is crossed an equal number of times from left to
right and from right to left by path segments, the
original point lies outside the path; otherwise it lies
inside. See also the even-odd winding rule.
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Index

n‘A
Alternate font (GL2), 171
Anchor corner, 157
Anchor point, 117
Array, 201,208
Array operators, 245-246
Ascender, 24
Automatic downloading, 36

n B

Backspace, 68
Baseline, 24
Binary, 4
Bitmap fonts, 30, 75
Boolean, 201, 208
Bounding box, 217
Buffer, 43

n c
Caching, 214
Carriage return, 67
Cartridge, 2
Cartridge fonts, 33
CD-ROM, 2,39,75
Character code, 98
Character encoding, 218
Character encoding (TrueImage),216
Character features, 24
Character group commands, 171-191
Character spacing, 78
Characters

special, 35
Clipping path, 222
Columns, 69
Configuration and status group commands,
127-138

m
Control codes, 40,67,68

Backspace, 68
Carriage return, 67
Form feed, 68
Horizontal tab, 68
Line feed, 67
Space, 67

Control operators, 253-255
Control panel, 9

setting parameters, 12
Coordinate operators, 280-282
Coordinate system (GL2)

rotating, 136
Coordinate system (PCL), 47
Coordinate system (TrueImage), 198
CTM, 198, 199
Current path, 196
Current settings, 11
Current transformation matrix, 198, 199
Current units, 117
Cursor positioning commands, 67-71

n D
Data LED, 9
Decipoints, 69, 70
Delta row compression, 110
Descender, 24
Device set-up operators, 283
Device space, 198
Dictionaries

errordict, 210
statusdict, 284
systemdict, 206
userdict, 206

Dictionary, 202,208
Dictionary operators, 249-252
Dictionary stack, 206
Document design, 26
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Dots, 47,69.70
Downloaded fonts, 33, 75

nE
Effective window, 119
Emulations, 2
End of line wrap. 73
ERROR SKIP button, 10
Errordict, 210
Errors, 210
Escape sequences, 40
Execution of objects, 208
Execution stack. 206

ElF
Factory default environment. 48
Factory settings, 11
FEEDER SELECT button, 10
File, 203, 208
File operators, 265–269
Fill type (GL2), 158
Filling paths, 22o
Font attributes, 27
Font cache operators, 263
Font caching, 214
Font descriptor, 92
Font dictionaries, 214
Font Downloader utility, 36
Font height, 28
Font location,,79
Font metrics, 217
Font operators, 260–262
Font orientation, 79
Font pitch, 28
Font posture, 29
Font selection (GL2), 176-177
Font selection (PCL), 77
Font selection commands, 8W88
Font selection examples, 89
Font selection from control panel. 12
Font stroke weight, 79
Font style, 78
Font symbol set, 29
Fonttypeface,79
Fontweight,28
Fontwidth,29

FontID, 203, 208
Fonts, 23, 211

bitmap, 75
bitmap fonts, 30
cartridge fonts, 33
character spacing, 78
creating, 90
downloaded, 33,75
downloading, 90

automatic, 36
manual, 36

GL2 alternate font, 171
GL2 standard font, 171
monospaced, 27
PCL fonts, 75
pitch, 78
PostScript type I, 32, 211
PostScript type 3, 32, 211
primary font, 76
proportionally-spaced, 27
resident fonts, 33
resident printer fonts, 30
scalable. 75
scalable fonts, 30
secondary font, 76
soft fonts, 33
symbol set, 81, 82

Form feed. 68

n G
GL~,] ]7

GL2 graphics commands, 127
GL2 mode

entering, 122
GL2 pen, 118
GL2 syntax, 123
Graphics (PCL), 101
Graphics (TrueImage), 220
Graphics state, [97, 199
Graphics state stack, 206

n H
Half-tone screen, 220
Hex dump mode, 22
Hexadecimal, 4
Horizontal tab, 68
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ElI
Importing images (TrueImage), 222
Initial settings, 11
Input window, 118, 137
Interface settings. 17
Interpreter, 200

n‘J
Job control commands, 52-54

nL
Label, 178
Label origin, 179
Line and fill attributes group commands,
157–170
Line end type (GL2), 160
Line feed, 67
Line join type (GL2), 160
Line join type (TrueImage), 274
Line termination, 73
Line type (GL2), 162
Logical operators, 228–230
Logical page, 44
Lost mode. 126

nM
Macro commands, 114
Macro overlay environment, 51
Macros, 112

defining, 113
running, 113

Manual downloading, 36
Margins and line spacing commands, 62–66
Mark. 203, 208
Maths operators, 225-227
Miscellaneous operators, 271–279
Miter limit, 160, 161
MODE button, 10
Modified print environment, 49
Name, 202, 208

nN

Nul], 208
Number systems, 4

n o
Objects, 200,201-203

execution, 208
ON-LINE button, 9
On-line LED, 9
Operand stack, 204
Operators, 223

n P
Packed array, 201,208
Packed array operators, 247-248
Page definition commands, 55–61
Painting operators, 238-240
Paragraph styles, 26
Path, 196
Path construction operators, 231-237
Paths

filling, 220
Pattern transparency, 102, 103
PCL, 2, 39

programming in PCL, 41
PCL command syntax, 42,43
PCL coordinate system, 47
PCL decipoints, 69,70
PCL fonts, 75
PCL graphics, 101
PCL macros, 112
PCL mode

entering, 122
PCL raster graphics, 107
PCL rectangle graphics, 105
Pen, 118
Pen movement

absolute, 118, 140
relative, 1I8, 141

Pen width, 164
Physical page, 44
Picture frame, 44, 117
Pitch, 28,78
Plot size, 12i, 122
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Plotter units, 117
Polygon buffer, 149
Polygon group commands, 149-156
Polygon mode, 149
PostScript, 2,32, 193
Posture, 29
Primary font, 76
PRINT button, 9
Print modql (PCL), 101
Print model (TrueImage), 196
Printer Control Language, 39
Printing process, 1
Printing to disk, 194
Procedures, 194, 206
PROGRAM button, 10
Program mode, 8
Programming, 41, 125
Programming in GL2, 125

n R
Raster graphics, 107
Rectangle graphics, 105
REP, 16
RESET button, 10
Resident fonts, 33
Resident printer fonts, 30
Resolution enhancement, 16
Rows, 70
Run-length encoding, 109

D s
Scalable fonts, 30, 75
Scale command, 132
Scaling

anisotropic, 132
isotropic 132
point factor, 132

Scaling a GL2 image, 120
Scaling points, 118

inputting, 130, 131
Screen, 220
Secondary font, 76
Self test, 74
Setting parameters, 12
Soft fonts, 33
Source transparency, 101, 103

Space, 67
Spacing type, 27
Special symbols, 35
Stack operators, 223–224
Stacks, 204-206

dictionary stack, 206
execution stack, 206
graphics state stack, 206
operand stack, 204

Standard font, 171
statusdict, 284
String, 202, 208
String operators, 241-244
Stroke weight, 79
Subpath, 196
Superset commands, 22
Symbol set, 29,77, 81,82
Symbol set selection, 81, 82
Symbol sets, 35
Symbols

special, 35
System 7,31, 193
systemdict, 206

n T
Tagged image file format, 109
TEST button, 10
Text area, 44
TIFF, 222
Transparency mode, 101, 102
Transparency mode (GL2), 168
TrueImage, 2
TrueImage extensions, 284-289
TrueImage interpreter, 200
TrueImage operators, 223
TrueImage syntax, 207
.TrueType, 2, 31, 32, 193
TrueType fonts

TrueType fonts, 211
Type and attribute operators, 256-258
Typeface, 27, 79

saris serif, 25
serif, 25

Typefaces, 23
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Elu
Units

current units, 117
plotter units, 117
user units, I 17

User default environment, 49
User settings, 11
User space, 198
User units, 117
userdict, 206

Vector graphics, 117
Vector group commands, 138-148
Virtual memory, 210
Virtual memory operators, 270

Weight, 28
Windows, 193
Windows 3.1, 31
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Consumer Response
Star Micronics Co., Ltd. invites your suggestions and comments on your
printer and this manual. Please address your correspondence to:

Worldwide Headquarters:
STAR MICRONICS CO., LTD.
20-10 Nakayoshida
Shizuoka, JAPAN 422-91
Attn: Product Manager

American Market:
STAR MICRONICS AMERICA, INC.
420 Lexington Avenue, Suite 2702-25
New York, NY 10170
Attn: Product Manager

European Market:
STAR-MICRONICS DEUTSCHLAND GMBH
Westerbachstra13e59
P.O. Box 940330
D-6000 Frankfurt/Main 90
F.R. of Germany
Attn: Product Manager

U.K. Market:
STAR MICRONICS U.K., LTD.
Star House
peregrine Business Park
Gomrn Road, High Wycombe
Bucks. HP13 7DL, U.K.
Attn: Product Manager

French Market:
STAR MICRONICS FRANCE S.A.R.L.
25, rue MichaSl Faraday
78180 Montigny-le-Bretonneux
Attn: Product Manager

Asian Market:
STAR MICRONICS ASIA LTD.
18/FTower 2, Enterprise Square
9 Sheung Yuet Road, Kowloon Bay, HONG KONG
Attn: Product Manager
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