527Appendix CABC machine specification

C.1The ABC instruction setC.2Running ABC programsC.3The ABC micro-instructions

This appendix summarizes the machine instructions of the ABC ma-chine. The most representative instructions (marked with ¥) are formallyspecified together with the used micro-instructions. The actual ABCmachine (Koopman et al.,1990) has some facilities (such as directivesand calling external functions) that are not included here.C.1The ABC instruction setstate = = (astack,bstack,cstack,graphstore,descrstore,pc,programstore,io)instruction= =state -> statea_dst= =nata_src= =natap_entry= =instridarg_nr= =natarity= =natb_dst= =natb_src= =natc_src= =natdescrid= =numgraph= =[node]int= =numinstrid= =numname= =[char]nat= =numnodeid= =natnodeid_seq= =[nodeid]nr_args= =natreal= =numstring = =[char]

Instruction set¥add_args::a_src -> nr_args -> a_dst -> instruction¥create::instruction¥del_args::a_src -> nr_args -> a_dst -> instruction¥eq_descr::descrid -> a_src -> instruction¥eq_descr_arity::descrid -> arity -> a_src -> instruction¥eq_symbol::a_src -> a_src -> instruction¥eqB::instruction¥eqB_a::bool -> a_src -> instruction¥eqB_b::bool -> b_src -> instructioneqC_a::char -> a_src -> instructioneqC_b::char -> b_src -> instruction

528APPENDIX C: ABC MACHINE SPECIFICATION¥eqI::instruction¥eqI_a::int -> a_src -> instruction¥eqI_b::int -> b_src -> instructioneqR_a::real -> a_src -> instructioneqR_b::real -> b_src -> instructioneqS_a::string -> a_src -> instruction¥fill::descrid -> nr_args -> instrid -> a_dst -> instruction¥fill_a::a_src -> a_dst -> instruction¥fillB::bool -> a_dst -> instruction¥fillB_b::b_src -> a_dst -> instructionfillC::char -> a_dst -> instructionfillC_b::b_src -> a_dst -> instruction¥fillI::int -> a_dst -> instruction¥fillI_b::b_src -> a_dst -> instructionfillR::real -> a_dst -> instructionfillR_b::b_src -> a_dst -> instructionfillS::string -> a_dst -> instructionfillS_symbol::a_src -> a_dst -> instruction¥get_descr_arity::a_src -> instruction¥get_node_arity::a_src -> instruction¥halt::instruction¥jmp::instrid -> instruction¥jmp_eval::instruction¥jmp_false::instrid -> instruction¥jmp_true::instrid -> instruction¥jsr::instrid -> instruction¥jsr_eval::instruction¥no_op::instruction¥pop_a::nr_args -> instruction¥pop_b::nr_args -> instruction¥print::string -> instruction¥print_symbol::a_src -> instruction¥push_a::a_src -> instruction¥push_ap_entry::a_src -> instruction¥push_arg::a_src -> arity -> arg_nr -> instruction¥push_arg_b::a_src -> instruction¥push_args::a_src -> arity -> nr_args -> instruction¥push_args_b::a_src -> instruction¥push_b::b_src -> instruction¥pushB::bool -> instruction¥pushB_a::a_src -> instructionpushC::char -> instructionpushC_a::a_src -> instruction¥pushI::int -> instruction¥pushI_a::a_src -> instructionpushF_a::a_src -> instructionpushR::real -> instructionpushR_a::a_src -> instruction¥repl_args::arity -> nr_args -> instruction¥repl_args_b::instruction¥rtn::instruction¥set_entry::instrid -> a_dst -> instruction¥update_a::a_src -> a_dst -> instruction¥update_b::b_src -> b_dst -> instruction¥addI::instruction¥decI::instructiondivI::instruction¥gtI::instruction¥incI::instruction¥ltI::instruction¥mulI::instructionmodI::instruction

THE ABC INSTRUCTION SET 529¥subI::instructionacosR::instructionaddR::instructionasinR::instructionatabR::instructioncosR::instructiondecR::instructiondivR::instructionentierR::instructionexpR::instructionincR::instructiongtR::instructionlnR::instructionlog10R::instructionltR::instructionmulR::instructionpowR::instructionremR::instructionsinR::instructionsqrtR::instructionsubR::instructiontanR::instructioncatS::instructioncmpS::instructionindexS::instructionlenS::instructionsliceS::instructionupdateS::instructionandBit::instructionnotBit::instructionorBit::instructionxorBit::instructionshiftlBit::instructionshiftrBit::instructionandB::instructionnotB::instructionorB::instructiongtC::instructionltC::instructionconvertCtoI::instructionconvertItoC::instructionconvertItoR::instructionconvertRtoI::instructionendF::instructiongetFC::instructiongetFS::a_dst -> instructionopenF::a_src->a_src->instructionputFC::instructionputFS::a_src -> instructionreopenF::instruction

Specification of representative instructionsint_descr=0bool_descr=1rnf_entry=1add_args a_src nr_args a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs’,ds,pc,ps,io)whereas’=as_popn nr_args asgs’=gs_update dstid (n_fill descrid entry newargs) gsdstid=as_get a_dst assrcid =as_get a_src asnode=gs_get srcid gsdescrid=n_descrid nodeentry=n_entry nodenewargs=n_args node arity ++ as_topn nr_args asarity=n_arity nodecreate (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs’,ds,pc,ps,io)whereas’=as_push nodeid as(gs’,nodeid)=gs_newnode gsdel_args a_src nr_args a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update dstid (n_fill descrid entry newargs) gsdstid=as_get a_dst assrcid =as_get a_src asnode=gs_get srcid gsdescrid=n_descrid nodeentry=n_entry node

530APPENDIX C: ABC MACHINE SPECIFICATIONnewargs=n_nargs node (arity — nr_args) arityarity=n_arity nodeeq_descr descrid a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB equal bsequal=n_eq_descrid node descridnode=gs_get nodeid gsnodeid=as_get a_src aseq_descr_arity descrid arity a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB equal bsequal=n_eq_descrid node descrid & n_eq_arity node aritynode=gs_get nodeid gsnodeid=as_get a_src aseq_symbol a_src1 a_src2 (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB equal bsequal=n_eq_symbol node1 node2node1=gs_get nodeid1 gsnode2=gs_get nodeid2 gsnodeid1=as_get a_src1 asnodeid2=as_get a_src2 aseqB (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_eqB bseqB_a bool a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB equal bsequal=n_eq_B (gs_get nodeid gs) boolnodeid=as_get a_src aseqB_b bool b_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_eqBi bool b_src bseqI (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_eqI bseqI_a int a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB equal bsequal=n_eq_I (gs_get nodeid gs) intnodeid=as_get a_src aseqI_b int b_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_eqIi int b_src bsfill descr nr_args entry a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs’,ds,pc,ps,io)whereas’=as_popn nr_args asgs’=gs_update nodeid (n_fill descr entry args) gsnodeid=as_get a_dst asargs =as_topn nr_args asfill_a a_src a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)

THE ABC INSTRUCTION SET 531wheregs’=gs_update nodeid_dst (n_copy node_src) gsnode_src=gs_get nodeid_src gsnodeid_dst =as_get a_dst asnodeid_src=as_get a_src asfillB bool a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update nodeid (n_fillB bool_descr rnf_entry bool) gsnodeid=as_get a_dst asfillB_b b_src a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update nodeid (n_fillB bool_descr rnf_entry bool) gsbool=bs_getB b_src bsnodeid=as_get a_dst asfillI int a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update nodeid (n_fillI int_descr rnf_entry int) gsnodeid=as_get a_dst asfillI_b b_src a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update nodeid (n_fillI int_descr rnf_entry int) gsint=bs_getI b_src bsnodeid=as_get a_dst asget_descr_arity a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushI arity bsarity=d_arity (ds_get descrid ds)descrid=n_descrid (gs_get nodeid gs)nodeid=as_get a_src asget_node_arity a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushI arity bsarity=n_arity (gs_get nodeid gs)nodeid=as_get a_src ashalt (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc’,ps,io)wherepc’=pc_halt pcjmp address (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc’,ps,io)wherepc’=pc_update address pcjmp_eval (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc’,ps,io)wherepc’=pc_update (n_entry (gs_get nodeid gs)) pcnodeid=as_get 0 asjmp_false address (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc’,ps,io)wherepc’ =pc, if bool=pc_update address pc, otherwisebool=bs_getB 0 bsbs’=bs_popn 1 bsjmp_true address (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc’,ps,io)wherepc’=pc_update address pc, if bool

532APPENDIX C: ABC MACHINE SPECIFICATION=pc, otherwisebool=bs_getB 0 bsbs’=bs_popn 1 bsjsr address (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs’,gs,ds,pc’,ps,io)wherepc’=pc_update address pccs’=cs_push (pc_get pc) csjsr_eval (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs’,gs,ds,pc’,ps,io)wherepc’=pc_update (n_entry (gs_get nodeid gs)) pcnodeid=as_get 0 ascs’=cs_push (pc_get pc) csno_op state=statepop_a n (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_popn n aspop_b n (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_popn n bsprint string (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc,ps,io’)whereio’=io_print string ioprint_symbol a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc,ps,io’)whereio’=io_print_symbol node descr ionodeid=as_get a_src asnode=gs_get nodeid gsdescr=ds_get (n_descrid node) dspush_a a_src (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_push nodeid asnodeid=as_get a_src aspush_ap_entry a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs’,gs,ds,pc,ps,io)wherecs’=cs_push (d_ap_entry (ds_get descrid ds)) csdescrid=n_descrid (gs_get nodeid gs)nodeid=as_get a_src aspush_arg a_src arity arg_nr (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_push arg asarg=n_arg (gs_get nodeid gs) arg_nr aritynodeid=as_get a_src aspush_arg_b a_src (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_push arg asarg=n_arg (gs_get nodeid gs) arg_nr aritynodeid=as_get a_src asarg_nr=bs_getI 0 bsarity=bs_getI 1 bspush_args a_src arity nr_args (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)

THE ABC INSTRUCTION SET 533whereas’=as_pushn args asargs=n_nargs (gs_get nodeid gs) nr_args aritynodeid=as_get a_src aspush_args_b a_src (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_pushn args asargs=n_nargs (gs_get nodeid gs) nargs aritynargs=bs_getI 0 bsnodeid=as_get a_src asarity=bs_getI 1 bspush_b b_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_push basic bsbasic=bs_get b_src bspushB bool (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB bool bspushB_a a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushB bool bsbool=n_B (gs_get nodeid gs)nodeid=as_get a_src aspushI int (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushI int bspushI_a a_src (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_pushI int bsint=n_I (gs_get nodeid gs)nodeid=as_get a_src asrepl_args arity nr_args (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_pushn args (as_popn 1 as)args=n_nargs (gs_get nodeid gs) nr_args aritynodeid=as_get 0 asrepl_args_b (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)whereas’=as_pushn args (as_popn 1 as)args =n_nargs (gs_get nodeid gs) nr_args aritynodeid=as_get 0 asarity=bs_getI 0 bsnr_args =bs_getI 1 bsrtn (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs’,gs,ds,pc’,ps,io)wherepc’=pc_update (cs_get 0 cs) pccs’=cs_popn 1 csset_entry entry a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs’,ds,pc,ps,io)wheregs’=gs_update nodeid (n_setentry entry) gsnodeid=as_get a_dst asupdate_a a_src a_dst (as,bs,cs,gs,ds,pc,ps,io)=(as’,bs,cs,gs,ds,pc,ps,io)

534APPENDIX C: ABC MACHINE SPECIFICATIONwhereas’=as_update a_dst nodeid asnodeid=as_get a_src asupdate_b b_src b_dst (as,bs,cs,gs,ds,pc,ps,io)=(as,bs’,cs,gs,ds,pc,ps,io)wherebs’=bs_update b_dst basic bsbasic=bs_get b_src bsaddI(as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_addI bsdecI(as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_decI bsgtI (as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_gtI bsincI (as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_incI bsltI (as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_ltI bsmulI(as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_mulI bssubI(as,bs,cs,gs,ds,pc,ps,io)= (as,bs’,cs,gs,ds,pc,ps,io) where bs’ = bs_subI bsC.2Running ABC programsBooting and instruction fetchingboot:: ([instruction],[descr]) -> stateboot (program,descriptors)=(as,bs,cs,gs,ds,pc,ps,io)wherepc=pc_initas=as_initbs=bs_initcs=cs_initgs=gs_initps=ps_init programio=io_initds=ds_init descriptorsfetch_cycle:: state -> statefetch_cycle (as,bs,cs,gs,ds,pc,ps,io)=(as,bs,cs,gs,ds,pc,ps,io), if pc_end pc=fetch_cycle (currinstr (as,bs,cs,gs,ds,pc’,ps,io)), otherwisewherepc’=pc_next pccurrinstr=ps_get (pc_get pc) psABC assembly languageassembler:: assembly -> ([instruction], [descr])assembler asm_prog=(translate asm_prog loc_count sym_table, descr_table asm_prog sym_table)whereloc_count=0descr_count=0sym_table=collect asm_prog loc_count descr_countThe specification of translate, descr_table and collect that translate theABC assembly program and produce its ABC instructions with its de-scription table would require many (rather trivial) lines. For the fullspecification the reader is referred to Koopman et al. (1990).The ABC assembly language is defined by the algebraic datastructure given below. Most assembly statements are equal to their ABCinstruction counterpart, but their names begin with an upper case char-acter. The statements in italic are slightly different because symbolic

RUNNING ABC PROGRAMS 535names are used instead of addresses. In addition, the assembler allowsthe definition of labels and descriptors. Furthermore, Branch instructionsare added to allow the specification of relative jumps. The assemblerwill convert them to jump instructions. These extra assembly statementsare also shown in italic.assembly= =[statement]red_label= =labeldescr_label= =labellabel= =[char]nr_instr= =intstatement:: = Labellabel|No_op|Descriptor descr_label red_label arity n a m e |Pop_anr_args|Brnr_instr|Pop_bnr_args|Br_falsenr_instr|Printstring|Br_truenr_instr|Print_symbola_src|Add_argsa_src nr_args a_dst|Push_aa_src|Create|Push_ap_entrya_src|Del_argsa_src nr_args a_dst|Push_arga_src arity arg_nr|Eq_descrdescr_label a_src|Push_arg_ba_src|Eq_descr_arity descr_label arity a_src|Push_args a_src arity arg_nr|EqB|Push_args_ba_src|EqB_abool a_src|Push_bb_src|EqB_bbool b_src|PushBbool|EqI|PushB_aa_src|EqI_aint a_src|PushIint|EqI_bint b_src|PushI_aa_src|Filldescr_label nr_args label a_dst|Repl_argsarity nr_args|Fill_aa_src a_dst|Repl_args_b|FillBbool a_dst|Rtn|FillB_bb_src a_dst|Set_entrylabel a_dst|FillIint a_dst|Update_aa_src a_dst|FillI_bb_src a_dst|Update_bb_src b_dst|Get_descr_aritya_src|Get_node_aritya_src|Halt|AddI|Jmplabel|DecI|Jmp_eval|GtI|Jmp_falselabel|IncI|Jmp_truelabel|LtI|Jsrlabel|MulI|Jsr_eval|SubIC.3The ABC micro-instructionsabstypeastack, bstack, cstack, graphstore, descrstore, pc, programstore, iowithps_get::instrid -> programstore -> instructionps_init ::[instruction] -> programstorepc_end::pc -> boolpc_get::pc -> instridpc_halt::pc -> pcpc_init::pcpc_next::pc -> pcpc_update::instrid -> pc -> pc

536APPENDIX C: ABC MACHINE SPECIFICATIONgs_get::nodeid -> graphstore -> nodegs_init::graphstoregs_newnode::graphstore -> (graphstore,nodeid)gs_update::nodeid -> (node -> node) -> graphstore -> graphstoren_arg::node -> arg_nr -> arity -> nodeidn_args::node -> arity -> nodeid_seqn_arity::node -> arityn_B::node -> booln_copy::node -> node -> noden_descrid::node -> descridn_entry::node -> instridn_eq_arity::node -> arity -> booln_eq_B::node -> bool -> booln_eq_descrid::node -> descrid -> booln_eq_I::node -> int -> booln_eq_symbol::node -> node -> booln_fill::descrid -> instrid -> nodeid_seq -> node -> noden_fillB::descrid -> instrid -> bool -> node -> noden_fillI::descrid -> instrid -> int -> node -> noden_I::node -> intn_nargs::node -> nr_args -> arity -> nodeid_seqn_setentry::instrid -> node -> nodeds_get ::descrid -> descrstore -> descrds_init::[descr] -> descrstored_ap_entry::descr -> instridd_arity::descr -> arityd_name::descr -> stringas_get::a_src -> astack -> nodeidas_init::astackas_popn::nr_args -> astack -> astackas_push::nodeid -> astack -> astackas_pushn::nodeid_seq -> astack -> astackas_topn::nr_args -> astack -> nodeid_seqas_update::a_dst -> nodeid -> astack -> astackbs_get::b_src -> bstack -> basicbs_getB::b_src -> bstack -> boolbs_getI::b_src -> bstack -> intbs_init::bstackbs_popn::nr_args -> bstack -> bstackbs_push::basic -> bstack -> bstackbs_pushB::bool -> bstack -> bstackbs_pushI::int -> bstack -> bstackbs_update::b_dst -> basic -> bstack -> bstackbs_addI::bstack -> bstackbs_decI::bstack -> bstackbs_eqB::bstack -> bstackbs_eqI::bstack -> bstackbs_eqBi::bool -> b_src -> bstack -> bstackbs_eqIi::int -> b_src -> bstack -> bstackbs_gtI::bstack -> bstackbs_incI::bstack -> bstackbs_ltI::bstack -> bstackbs_mulI::bstack -> bstackbs_subI::bstack -> bstackcs_init::cstackcs_get::c_src -> cstack -> instrid

THE ABC MICRO-INSTRUCTIONS 537cs_popn::nr_args -> cstack -> cstackcs_push::instrid -> cstack -> cstackio_init::ioio_print ::string -> io -> ioio_print_symbol::node -> descr -> io -> ioProgram storeprogramstore= =[location]location:: =I instructionps_get target ps=instrwhereI instr=ps ! targetps_init (instruction : rest)=I instruction : ps_init restps_init [ ]=[ ]Program counterpc= =instridpc_end instrid=instrid < 0pc_get instrid=instridpc_halt instrid=—1pc_init=0pc_next instrid=instrid + 1pc_update instrid pc=instridGraph storegraphstore= =(graph, nat)gs_get nodeid (nds,free)=nds ! (nodeid — free — 1)gs_init=([ ], store_size)store_size:: natstore_size=100||some natural number indicating the sizegs_newnode (nds,0)=error "graph-store is full"gs_newnode (nds,free)=((Empty : nds, free — 1), free)gs_update nid f (nodes,free) =(upd (nid — free —1) nodes f, free)whereupd 0 (nd : nds) f = f nd : ndsupd n (nd : nds) f = nd : upd (n — 1) nds fNodesnode :: =Node descrid instrid nodeid_seq | Basic descrid instrid basic | Emptybasic :: =Int int|Bool booln_arg node n arity=args ! (n — 1)whereargs=n_args node arityn_args (Node descrid entry args) arity = args||arity can be used for optimizationsn_arity (Basic descrid entry basic) =0n_arity (Node descrid entry args)=# argsn_B (Basic descrid entry (Bool b))=bn_copy new old=new

538APPENDIX C: ABC MACHINE SPECIFICATIONn_descrid (Node descrid entry args)=descridn_descrid (Basic descrid entry basic)=descridn_entry (Node descrid entry args) =entryn_entry (Basic descrid entry basic)=entryn_eq_aritynode n=n_arity node = nn_eq_Bnode b=n_B node = bn_eq_descrid node descrid=n_descrid node = descridn_eq_Inode i =n_I node = in_eq_symbol (Node descrid1 entry1 args1) (Node descrid2 entry2 args2)=descrid1 = descrid2n_eq_symbol (Basic descrid1 entry1 basic1) (Basic descrid2 entry2 basic2)=descrid1 = descrid2 & basic1 = basic2n_eq_symbol node1 node2=Falsen_fill descr entry args node=Node descr entry argsn_fillB descr entry b node=Basic descr entry (Bool b)n_fillI descr entry i node=Basic descr entry (Int i)n_I (Basic descrid entry (Int i))=in_nargs node arg_count arity=take arg_count (n_args node arity)n_setentry newentry (Nodedescrid entry args)=Node descrid newentry argsn_setentry newentry (Basic descrid entry basic)=Basic descrid newentry basicDescriptor storedescrstore= =[descr]ds_get target ds=ds ! targetds_init descriptors=descriptorsDescriptorsdescr:: =Descr ap_entry arity named_ap_entry(Descr ap_entry arity name)=ap_entryd_arity(Descr ap_entry arity name)=arityd_name(Descr ap_entry arity name)=nameA-stackastack= =[nodeid]as_get target as=as ! targetas_init =[ ]as_popn n as=drop n asas_push nodeid as=nodeid : asas_pushn nodeids as=nodeids ++ asas_topn n as=take n asas_update 0 nodeid (a : x)=nodeid : xas_update n nodeid (a : x)=a : as_update (n — 1) nodeid xB-stackbstack= =[basic]bs_get target bs=bs ! targetbs_getB n bs=bwhereBool b=bs_get n bs

THE ABC MICRO-INSTRUCTIONS 539bs_getI n bs=i whereInt i =bs_get n bsbs_init =[ ]bs_popn n bs=drop n bsbs_push basic bs=basic : bsbs_pushB b bs=Bool b : bsbs_pushI i bs=Int i : bsbs_update 0 basic (b : x)=basic : xbs_update n basic (b : x)=b : bs_update (n — 1) basic xbs_addI(Int i1 : Int i2 : r)=Int (i1 + i2) : rbs_decI(Int i : r)=Int (i — 1) : rbs_eqB(Bool b1 : Bool b2 : r)=Bool (b1 = b2) : rbs_eqBibnbs=bs_push (Bool (b = bs_getB n bs)) bsbs_eqI(Int i1 : Int i2 : r)=Bool (i1 = i2) : rbs_eqIiinbs=bs_push (Bool (i = bs_getI n bs)) bsbs_gtI(Int i1 : Int i2 : r)=Bool (i1 > i2) : rbs_incI(Int i : r)=Int (i + 1) : rbs_ltI(Int i1 : Int i2 : r)=Bool (i1 < i2) : rbs_mulI(Int i1 : Int i2 : r)=Int (i1 * i2) : rbs_subI(Int i1 : Int i2 : r)=Int (i1 — i2) : rC-stackcstack= =[instrid]cs_init=[ ]cs_get target cs=cs ! targetcs_popn n cs=drop n cscs_push c cs=c : csI/O channelio= =[char]io_init=[ ]io_print string output =output ++ stringio_print_symbol (Basic descrid ap_entry (Int i)) descr output=output ++ show iio_print_symbol (Basic descrid ap_entry (Bool b)) descr output =output ++ show bio_print_symbol (Node descrid entry args) (Descr ap_entry arity name) output=output ++ name