
*QMiBMm�iBQMb

*QMiBMm�iBQMb �HHQr 7Q` HQib Q7 i?BM;bX AMimBiBp2Hv- r2 +�M i?BMF Q7 +QMiBMm�iBQMb
�b ǳ7mM+iBQMb i?�i M2p2` +QK2 #�+FXǴ h?�i Bb- +QMiBMm�iBQMb i`�Mb72` +QMi`QH iQ
bQK2 Qi?2` T�`i Q7 vQm` T`Q;`�KX AM � r�v- +QMiBMm�iBQMb �`2 HBF2 � Km+? MB+2`
p2`bBQM Q7 gotoX
q2 ?�p2 irQ QT2`�iBQMb r?2M rQ`FBM; rBi? +QMiBMm�iBQMb, letcc �M/ throwX

Ç letcc Bb i?2 BMi`Q 7Q`KX Ai /mTHB+�i2b i?2 +m``2Mi +QMi`QH bi�+F- 2z2+iBp2Hv
ǳK�`FBM;Ǵ i?2 +Q/2 �b bQK2 TH�+2 r2 +QmH/ +QK2 #�+F iQX

Ç throw Bb i?2 2HBK 7Q`KX Ai /2bi`Qvb i?2 +m``2Mi +QMi`QH bi�+F- �M/ `2TH�+2b
Bi rBi? i?2 bi�+F r2Ƕ`2 i?`QrBM; iQX

o2`B7v i?Bb BM i?2 `mH2b #2HQr,
30.5a:
____________________________________________
k ▷ letcc{τ}(x.e) --> k ▷ [cont(k) / x]e

30.5e:
___________________________________________
k; throw{τ}(v; -) ◁ cont(k') --> k' ◁ v
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lb2b 7Q` *QMiBMm�iBQMb

*QMiBMm�iBQMb +�M #2 ?�`/ iQ ;2i � 722H 7Q`X qBi? i?Bb BM KBM/- ?2`2 �`2 bQK2
TH�+2b r?2`2 +QMiBMm�iBQMb +�M #2 Q` �`2 mb2/X

RX a?Q`i +B`+mBi 2p�Hm�iBQM

qBi? +QMiBMm�iBQMb- r2 +�M `2TQ`i ǳi?2 �Mbr2`Ǵ iQ i?2 M2ti TB2+2 Q7 +Q/2 BKK2@
/B�i2Hv- rBi?Qmi ?�pBM; iQ r�HF #�+F mT i?2 bi�+FX
q2 +�M mb2 i?Bb iQ BKTH2K2Mi b?Q`i +B`+mBiBM; HQ;B+�H ǳ�M/Ǵ �M/ ǳQ`ǴX
h?Bb Bb �HbQ mb27mH r?2M r2 /QMǶi r�Mi iQ ?�p2 iQ 2p�Hm�i2 �HH i?2 TB2+2b UK�v#2
2tT2MbBp2V iQ `2TQ`i �M �Mbr2` r2 �H`2�/v FMQrX h?BMF �#Qmi i?2 `2;2t ?QK2@
rQ`F 7`QK R8@R8y, r2 mb2/ +QMiBMm�iBQMb iQ 2M+�TbmH�i2 #�+Fi`�+FBM; /2+BbBQMbX
q?2M r2 �``Bp2/ �i i?2 �Mbr2`- r2 +QmH/ +�HH i?2 +QMiBMm�iBQM BKK2/B�i2Hv �M/
DmKT /B`2+iHv iQ i?2 �Mbr2`XRX

kX *QKTBH�iBQM

*QMiBMm�iBQMb K�F2 +QMi`QH ~Qr 2tTHB+BiX A7 i?2 �M�HQ;v Bb i?�i +QMiBMm�iBQMb
�`2 goto- i?2M i?2vǶ`2 `2�HHv MQi Km+? KQ`2 i?�M �M �bb2K#Hv jump BMbi`m+iBQMX
q?2M r`BiBM; � +QKTBH2`- �i bQK2 TQBMi r2 ?�p2 iQ +QMp2`i ?B;?@H2p2H +QMi`QH
~Qr HQ;B+ BMiQ DmKTbX *QMiBMm�iBQMb �`2 � MB+2 r�v iQ KQ/2H i?BbkX

jX :BpBM; BMbB;?i BMiQ HQ;B+

*QMiBMm�iBQMb KQ/2H M2;�iBQM B7 r2 i`2�i T`Q;`�Kb �M/ ivT2b �b T`QQ7b �M/
T`QTQbBiBQMbX h?2`2 �`2 � HQi Q7 BMi2`2biBM; �M�HQ;B2b �M/ BMbB;?ib ?2`2- �M/ r2ǶHH
/Bb+mbb i?2K M2tiX

Rh?Bb Bb � bQK2r?�i #`QF2M �M�HQ;v- #2+�mb2 r2 mb2/ +�HH#�+F 7mM+iBQMběMQi
+QMiBMm�iBQMběBM R8yX h?Bb K2�Mi i?�i r2 /B/ BM 7�+i ?�p2 iQ r�HF �HH i?2 r�v #�+F mT
i?2 bi�+FX

k6Q` KQ`2 QM ?Qr i?Bb rQ`Fb- i�F2 R8@9Rd >Ph *QKTBH�iBQM- Q` HQQF mT i?2 #QQF *QKTBHBM;
rBi? *QMiBMm�iBQMbX
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lM/2`bi�M/BM; throw

throw Bb #�bB+�HHv /2`BpBM; � +QMi`�/B+iBQMX A7 Qm` �bbmKTiBQMb �HHQr mb iQ /2`Bp2 �
+QMi`�/B+iBQM- r2 +�M T`Qp2 �Mvi?BM;X G2iǶb HQQF �i i?2 ivT2 Q7 throw UBM +m``B2/
7Q`KV,

throw{τ} : σ → σ cont → τ

A7 r2 +�M +QK2 mT rBi? #Qi? σ �M/ σ cont- i?Bb Bb HBF2 ?�pBM; P �M/ �HbQ ¬P X
AM HQ;B+- i?Bb �HHQrb mb iQ +QM+Hm/2 �Mvi?BM;X h?mb- throw{τ} +�M BMi`Q/m+2 �Mv
ivT2 r2 r�Mi UM�K2Hv- τVX

lM/2`bi�M/BM; letcc

letcc Bb #�bB+�HHv � b?Q`i@?�M/ p2`bBQM Q7 T`QQ7 #v +QMi`�/B+iBQMX h?Bb 7Q`K Bb
+QKKQMHv #2;mM rBi?- ǳ�bbmK2 7Q` b�F2 Q7 +QMi`�/B+iBQMĘǴ A7 r2 HQQF �i letccǶb
ivT2 U�;�BM- �b � +m``B2/ 7mM+iBQMV,

letcc{τ} : (τ cont → τ) → τ

aQ BM i?2 #Q/v Q7 i?2 7mM+iBQM r2 T�bb iQ letcc- r2Ƕ`2 �bbmKBM; ¬ τX 6`QK ?2`2-
i?2`2 �`2 irQ QTiBQMb,

RX q2 /QMǶi mb2 Qm` �bbmKTiBQM- #mi biBHH ǳT`Qp2Ǵ UQ` ǳ`2im`MǴV � τX h?Bb Bb
i?2 b�K2 �b MQi �bbmKBM; �Mvi?BM; BM i?2 }`bi TH�+2X

kX q2 mb2 Qm` �bbmKTiBQM- i?mb throwBM; iQ BiX _2+�HH i?�i r2 �H`2�/v 2[m�i2/
throwBM; rBi? /2`BpBM; � +QMi`�/B+iBQM �M/ mbBM; BiX

q?2M r2 mb2 � +QMi`�/B+iBQM- r2 DmKT #�+F iQ `B;?i #27Q`2 r2 �6aP*Ƕ/- #2+�mb2
i?�i �bbmKTiBQM Kmbi ?�p2 #22M 7�Hb2X h?2 ivT2b rBiM2bb i?Bb #v DmKTBM; 7`QK
¬τ- i?2M BKTHB+BiHv iQ ¬¬τ Ur2 �bbmK2/ ¬τ- #mi Bi r�b r`QM;V- �M/ }M�HHv iQ τX
h?Bb BKTHB+Bi DmKT Bb /Bb+mbb2/ 2ti2MbBp2Hv BM i?2 M2ti b2+iBQMX
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S`QQ7 #v *QMi`�/B+iBQM

*QKT�`2 i?2 +QMbi`m+ib throw �M/ letcc rBi? � ǳT`QQ7 #v +QMi`�/B+iBQM-Ǵ i?�i
"Q# bTQF2 �i H2M;i? �#Qmi QM SB�xx�,

q?�i Bb � T`QQ7 #v +QMi`�/B+iBQM Bb /2`BpBM; P 7`QK ¬¬P X AM b?Q`i@
?�M/ 7Q`K vQm rQmH/ �bbmK2 ¬P - /2`Bp2 � +QMi`�/B+iBQM- i?2`2#v
T`QpBM; ¬¬P - Q#pBQmbHvX >Qr2p2`- i?2M vQm /`�K�iB+�HHv +QM+Hm/2
ǳi?2`27Q`2 P -Ǵ 7Q` r?B+? vQm ?�p2 MQ DmbiB}+�iBQMX

G2iǶb 2tTHQ`2 i?2 +Q/2 7Q` � ǳT`QQ7 #v +QMi`�/B+iBQMǴ UmbBM; i?2 �#Qp2 BMi2`T`2@
i�iBQM Q7 i?2 i2`KVX GQ;B+�HHv- BiǶ/ #2 ¬¬P =⇒ P X G2iǶb r`Bi2 � 7mM+iBQM rBi?
i?Bb ivT2 mbBM; +QMiBMm�iBQMb,

f : τ cont cont → τ
f == λ(x : τ cont cont).

letcc{τ} k in
throw{τ} k to x

Ai `2HB2b QM i?2 7�+i i?�i r?2M r2 throw- r2 ǳM2p2` +QK2 #�+FǴ iQ i?2 +m``2Mi
2t2+miBQM +QMi2ti- bQ r2 ;2i iQ +?QQb2 �Mv ivT2 r2 r�Mi 7Q` i?2 `2bmHiX
h?Bb T`Q;`�K ;Bp2b mb �#Qmi �b Km+? +QMbi`m+iBp2 BM7Q`K�iBQM �b �M T`QQ7 #v
+QMi`�/B+iBQMX GQQF �i xX AiǶb � τ cont cont- r?B+? K2�Mb i?�i Bi ;2ib i?`QrM �
τ cont i?�i Bi +�M mb2 iQ T2`7Q`K BiǶb DQ#X
"mi HQQF �i r?�i f /Q2b, B7 x 2p2` i`B2b iQ i?`Qr bQK2i?BM; #�+F iQ mb mbBM; k-
MQi?BM; ?�TT2Mb5 f BM MQ r�v mb2b Q` /Q2b �Mvi?BM; BMi2`2biBM; rBi? i?2 `2bmHi
i?�i KB;?i #2 i?`QrM iQ kX h?mb- i?2 +QMiBMm�iBQM x ;2ib MQ mb27mH #2?�pBQ` #v
i?`QrBM; iQ kX
h?Bb Bb i?2 b�K2 �b rBi? � T`QQ7 #v +QMi`�/B+iBQMX am`2- r2 +�M T`Qp2 i?�i
∃a, b ∈ R \ Q. ab ∈ QX A7 T`Q;`�Kb �`2 +QMbi`m+iBp2 T`QQ7b- r2 b?QmH/ #2 �#H2
iQ 2p�Hm�i2 i?2 T`Q;`�K �M/ ;2i #�+F i?2 �Mbr2` Q7 r?B+? MmK#2`b rBiM2bb i?2
T`QQ7X "mi B7 r2 T`Qp2 Bi #v � +QMi`�/B+iBQM- Bi /Q2bMǶi rQ`F i?Bb r�vX
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*QMiBMm�iBQMb �b 6mM+iBQMb

h?Bb r?QH2 iBK2- +QMiBMm�iBQMb ?�p2 #22M � bi�M/�HQM2 ivT2- rBi? /2/B+�i2/ BMi`Q
�M/ 2HBK 7Q`KbX q2 +�M �+im�HHv pB2r +QMiBMm�iBQMb �b � KQ/2 Q7 mb2 Q7 7mM+iBQMb
�M/ voidX h?�i Bb- τ cont Bb BbQKQ`T?B+ iQ τ → 0,

f : τ cont → (τ → 0)
f == λ(k : τ cont).

λ(x : τ).
throw{void} x to k

A7 r2 ?�p2 τ �M/ ¬τ- r2 ?�p2 � +QMi`�/B+iBQM �M/ +�M T`Qp2 �Mvi?BM;X AM T�`iB+@
mH�`- r2 +�M T`Qp2 ǳ7�Hb2Ǵ Q` 0X h?Bb KB;?i #2 +QM+2`MBM;, h?2`2 b?QmH/MǶi #2
�Mv BM?�#Bi�Mib Q7 0 UQ` voidVX
�b � `2bmHi- i?�i K2�Mb i?2 +�HH bi�+F i?�i Qm` τ → 0 7mM+iBQM Bb /2}M2/ BM rBHH
M2p2` #2 7mHHv 2p�Hm�i2/X AMbi2�/- B7 bQK2QM2 i`B2b iQ +�HH i?Bb 7mM+iBQM- +QMi`QH
BKK2/B�i2Hv i`�Mb72`b iQ i?2 +�HH bi�+F k- r?2`2 ¬ τ Bb i`m2X
:QBM; i?2 Qi?2` r�v,

g : (τ → 0) → τ cont
g == λ(f : τ → 0)

letcc{τ cont} x in
abort{τ cont}(

f (letcc{τ} y in
throw{τ} y to x))

A7 r2 ?�p2 �M f : τ → 0- i?2M B7 r2 +�M bQK2?Qr +QMDm`2 � τ r2 +�M ;2i #�+F
�Mv ivT2 #v +�HHBM; f �M/ abortBM; QM i?2 `2bmHiX h?2 i`B+F r2 mb2 iQ ;2i � τ Bb
iQ letcc QmibB/2 i?2 abort +�HHX h?Bb K2�Mb i?�i x : τ cont contX h?2M r2 mb2
letcc �;�BM BMbB/2 i?2 abort- bQ i?�i y Bb � τ contX
qBi? �HH i?2b2 +QMiBMm�iBQMb- r2 mb2 throw iQ ;2i � τ r?B+? r2 +�M mb2 iQ +�HH
f �M/ �#Q`i QM i?2 `2bmHiX h?2 +Qbi Bb i?�i i?2 throw �+im�HHv i`�Mb72`b +QMi`QH
#�+F QmibB/2 i?2 abort5 aQ r2 M2p2` �+im�HHv +�HH f- �M/ +QMi`QH T`Q+22/b rBi? g
`2im`MBM; � +QMiBMm�iBQM iQ BMbB/2 i?2 abort UM�K2Hv- yVX A7 �MvQM2 2p2` i?`2r iQ
y r2Ƕ/ ?�p2 � T`Q#H2KX "mi i?2 7�+i i?�i f Bb � 7mM+iBQM 7`QK τ → 0 K2�Mb i?�i
MQ QM2 +�M +QMDm`2 � `2�H τ BM i?2 }`bi TH�+2X

e
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