541Appendix DPABC machine specification

D.1The PABC instruction setD.2Running PABC programsD.3The new micro-instructions

The PABC machine is a parallel extension of the ABC machine. Thisextension has some consequences for the sequential ABC instructionspresented in Appendix C. For most instructions only the machine statehas to be extended. Together with the extension of the assembly lan-guage for the new instructions this is left to the reader.For some sequential instructions a call to the operating systemhas to be included. This is fully specified together with the parallel in-structions that are marked ("¥") in the summary below. The instructionsnewP, randomP, currentP, neighbourP and channelP require some ex-tensions of the specification (see Exercise 16.2).D.1The PABC instruction setSequential and parallel reducer instructionsinstruction= =state -> statestate= =(local_state,global_state,opsys_callqueue)local_state= =(astack,bstack,cstack,nqueue,pc,wlist)global_state= =(admin,graphstore,descrstore,programstore)¥halt::instruction¥jmp::instrid -> instruction¥jsr::instrid -> instruction¥print::string -> instruction¥print_symbol::a_src -> instructionchannelP::a_src -> instruction¥create_channel::instructioncurrentP::instruction¥get_node::instruction¥getWL::a_src -> instruction¥is_empty_n::instructionneighbourP::instruction

542APPENDIX D: PABC MACHINE SPECIFICATION¥new_ext_reducer::instrid -> a_src -> instruction¥new_int_reducer::instrid -> a_src -> instruction¥newP::instructionrandomP::instruction¥release::instruction¥send_graph::a_src -> a_src -> instruction¥send_request::a_src -> instruction¥set_continue::a_src -> instruction¥set_wait::a_src -> instruction¥stop_reducer::instruction¥suspend::instructionOperating system instructionsopsys_instruction= =opsys_state -> opsys_stateopsys_state = = (schedule_adm,in_msgs,out_msgs,global_state,opsys_callqueue)¥os_halt::opsys_instruction¥os_new_reducer::instrid -> nodeid -> opsys_instruction¥os_print::string -> opsys_instruction¥os_reducerprio::opsys_instruction¥os_release::wlist -> opsys_instruction¥os_schedule::opsys_instruction¥os_send_graph::nodeid -> nodeid -> opsys_instruction¥os_send_newchannel::procid -> nodeid -> opsys_instruction¥os_send_newreducer::instrid -> nodeid -> opsys_instruction¥os_send_request::nodeid -> opsys_instruction¥os_setwait::nodeid -> opsys_instruction¥os_stop_reducer::opsys_instruction¥os_suspend_reducer::opsys_instructionCommunication process instructionscomproc_instruction= =comproc_state -> comproc_statecomproc_state= =(in_msgs,out_msgs,global_state,opsys_callqueue)¥cp_accept_msg::msg_contents -> comproc_instructionSpecification of sequential reducer instructionshalt ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherecq’=os_call cq [os_stop_reducer, os_halt]jmp address ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc’,wl),glob,cq’)wherepc’=pc_update address pccq’=os_call cq [os_schedule]jsr address ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs’,nq,pc’,wl),glob,cq’)wherepc’=pc_update address pccs’=cs_push (pc_get pc) cscq’=os_call cq [os_schedule]print string (loc,glob,cq)=(loc,glob,cq’)wherecq’=os_call cq [os_print string, os_schedule]print_symbol a_src ((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq)

THE PABC INSTRUCTION SET 543=((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq’)wherecq’=os_call cq [os_print string, os_schedule]nodeid=as_get a_src asnode=gs_get nodeid gsstring=ds_get_repr node dsSpecification of parallel reducer instructionscreate_channel ((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq)=((as’,bs’,cs,nq,pc,wl),(ad,gs’,ds,ps),cq’)wherebs’=bs_popn 1 bspid=bs_getP 0 bs(gs’,nid)=gs_newchannel pid gsas’=as_push nid ascq’=os_call cq [os_send_newchannel pid nid,os_setwait nid, os_suspend_reducer]get_node ((as,bs,cs,nq,pc,wl),glob,cq)=((as’,bs,cs,nq’,pc,wl),glob,cq)whereas’=as_push n asn=nq_first nqnq’=nq_remove nqgetWL a_depth ((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq)=((as,bs,cs,nq,pc,wl’),(ad,gs,ds,ps),cq)wherewl’=n_wl_get (gs_get nid gs)nid=as_get a_depth asis_empty_n ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs’,cs,nq,pc,wl),glob,cq)wherebs’=bs_pushB (nq_empty nq) bsnew_ext_reducer code chan_depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherechanid=as_get chan_depth ascq’=os_call cq [os_send_newreducer code chanid]new_int_reducer code a_depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherenid=as_get a_depth ascq’=os_call cq [os_new_reducer code nid]newP ((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq)=((as,bs’,cs,nq,pc,wl),(ad’,gs,ds,ps),cq)wherebs’=bs_pushP pid bs(ad’,pid)=ad_new_procid adrelease ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherecq’=os_call cq [os_release wl], if ~ wl_empty wl=cq, otherwisesend_graph graph_depth chan_depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherechanid=as_get chan_depth asgraphid=as_get graph_depth ascq’=os_call cq [os_send_graph graphid chanid]send_request chan_depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherecq’=os_call cq [os_send_request chanid,os_reducerprio]chanid=as_get chan_depth as

544APPENDIX D: PABC MACHINE SPECIFICATIONset_continue depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq’,pc,wl),glob,cq)wheren=as_get depth asnq’=nq_add n nqset_wait a_depth ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherenid=as_get a_depth ascq’=os_call cq [os_setwait nid,os_reducerprio]stop_reducer ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherecq’=os_call cq [os_stop_reducer]suspend ((as,bs,cs,nq,pc,wl),glob,cq)=((as,bs,cs,nq,pc,wl),glob,cq’)wherecq’=os_call cq [os_suspend_reducer]Specification of operating system instructionsschedule_adm= =([active], [passive])active= =reducerpassive= =reducerreducer= =(redid, local_state)os_halt (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)whereout’=out ++ [(my_pid, 0, Msg_Halt)]my_pid=ad_pid ados_new_reducer code nid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs’,in,out,(ad’,gs,ds,ps),instrs)wherers’=(act_reds ++ [new_red], pass_reds)(act_reds, pass_reds)=rsnew_red=(new_redid,(as,bs,cs,nq,pc,wl))whereas=as_initbs=bs_initcs=cs_initnq=nq_new nidpc=pc_update code pc_initwl=wl_init(ad’, new_redid)=ad_new_redid ados_print string (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)whereout’=out ++ [(my_pid, 0, Msg_Print string)]my_pid=ad_pid ados_reducerprio (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out,(ad’,gs,ds,ps),instrs)wheread’=ad_new_prio Prio_Reducer ados_release wl (rs,in,out,(ad,gs,ds,ps),instrs)=(rs’,in,out’,(ad,gs,ds,ps),instrs)where(reds,reqs,nid)=(wl_reds wl, wl_reqs wl, wl_nid wl)(old_acts, old_pass)=rsgraph=gs_copy nid my_pid ds gsrs’=(new_acts, new_pass)new_acts=old_acts ++ rel_redsnew_pass=old_pass — — rel_redsrel_reds=[(rid,loc) | (rid,loc) <- old_pass; rid’ <- reds; rid’ = rid]

THE PABC INSTRUCTION SET 545out’=out ++ [(my_pid, n_pid_of_global dst,Msg_Graph graph dst) | dst <- reqs]my_pid=ad_pid ados_schedule ((act_reds,pass_reds),in,out,glob,instrs)=((act_reds,pass_reds),in,out,glob,instrs), if act_reds = [ ]=(rs’,in,out,glob,instrs), otherwisewherers’=(new_act_reds, pass_reds)new_act_reds=rest_act_reds ++ [red]red : rest_act_reds=act_redsos_send_graph graphid chanid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)whereout’=out ++ [(my_pid, pid, Msg_Graph graph’ dstid)]graph=gs_copy graphid my_pid ds gsgraph’=gs_root_update (n_setdescr defer_descr) graphpid=n_pid_of_global dstiddstid=n_dest (gs_get chanid gs)my_pid=ad_pid ados_send_newchannel pid chanid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)whereout’=out ++ [(my_pid, pid, Msg_CreateChannel chan_eid)]chan_eid=n_global my_pid chanidmy_pid=ad_pid ados_send_newreducer code chanid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)wherechan=n_dest (gs_get chanid gs)out’=out ++ [(my_pid, pid, Msg_NewReducer chan code)]pid=n_pid_of_global chanmy_pid=ad_pid ados_send_request chanid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out’,(ad,gs,ds,ps),instrs)whereout’=out ++ [(my_pid, pid, Msg_Request srcid dstid)]srcid=n_global my_pid chanidpid=n_pid_of_global dstiddstid=n_dest (gs_get chanid gs)my_pid=ad_pid ados_setwait nid (rs,in,out,(ad,gs,ds,ps),instrs)=(rs,in,out,(ad,gs’,ds,ps),instrs)wheregs’=gs_update nid (n_wl_add_red rid) gs(rid, loc)=red(red : reds, pass_reds)=rsos_stop_reducer (rs,in,out,glob,instrs)=(rs’,in,out,glob,instrs)wherers’=(act_reds, pass_reds)(red : act_reds, pass_reds)=rsos_suspend_reducer (rs,in,out,glob,instrs)=(rs’,in,out,glob,instrs)wherers’=(act_reds, red : pass_reds)(red : act_reds, pass_reds)=rsSpecification of communication process instructionsin_msgs= =[msg_contents]out_msgs= =[message]message= =(proc_src, proc_dst, msg_contents)

546APPENDIX D: PABC MACHINE SPECIFICATIONmsg_contents :: =Msg_CreateChannel ext_nid| Msg_Channel ext_nid ext_nid|Msg_Request ext_nid ext_nid| Msg_Graph graph ext_nid|Msg_NewReducer ext_nid instrid| Msg_Print string|Msg_Haltproc_src= =procidproc_dst= =procidext_nid= =(procid, nodeid)cp_accept_msg (Msg_CreateChannel src_eid) (in,out,(ad,gs,ds,ps),instrs)=(in,out’,(ad,gs’,ds,ps),instrs)where(gs’, rqid)=gs_newnode gsout’=out ++ [(my_pid, pid, Msg_Channel rq_eid src_eid)]rq_eid=n_global my_pid rqidpid=n_pid_of_global src_eidmy_pid=ad_pid adcp_accept_msg (Msg_Channel rq_eid dst_eid) (in,out,(ad,gs,ds,ps),instrs)=(in,out,(ad,gs’,ds,ps),instrs’)wherenid=n_local dst_eidgs’=gs_update nid (n_putchannel rq_eid) gswl=n_wl_get (gs_get nid gs)instrs’=os_call instrs [os_release wl]cp_accept_msg (Msg_NewReducer rq_eid code) (in,out,(ad,gs,ds,ps),instrs)=(in,out,(ad,gs,ds,ps),instrs’)whereinstrs’=os_call instrs [os_new_reducer code (n_local rq_eid)]cp_accept_msg (Msg_Request chan_eid rq_eid) (in,out,(ad,gs,ds,ps),instrs)=(in,out’,(ad,gs’,ds,ps),instrs)whererqid=n_local rq_eidrnf=n_entry (gs_get rqid gs) = rnf_entryout’=out ++ [(my_pid, pid, Msg_Graph graph chan_eid)], if rnf=out, otherwisewherepid=n_pid_of_global chan_eidgraph=gs_copy rqid my_pid ds gsmy_pid=ad_pid adgs’=gs_update rqid (n_wl_add_req chan_eid) gs, if ~ rnf=gs, otherwisecp_accept_msg (Msg_Graph gr dst_eid) (in,out,(ad,gs,ds,ps),instrs)=(in,out,(ad,gs’,ds,ps),instrs’)wheregs’=gs_store nid gr gswl=n_wl_get (gs_get nid gs)nid=n_local dst_eidinstrs’=os_call instrs [os_release wl]D.2Running PABC programsBooting and instruction fetchingboot:: nat -> ([instruction],[descr]) -> networkboot nr_proc (program,descriptors)=nw_init nr_proc (program,descriptors)machine_cycle:: network -> outputmachine_cycle nw=output, if op_halt output=op_append output (machine_cycle nw’), otherwisewhereoutput=nw_output nwnw’=nw_exec proc_cycle (nw_distribute_msgs nw)proc_cycle:: processor -> processorproc_cycle=opsys_cycle . red_cycle . opsys_cycle . comproc_cyclecomproc_cycle:: processor -> processor

RUNNING PABC PROGRAMS 547comproc_cycle (rs,in,out,(ad,gs,ds,ps),cq)=(rs,in,out,(ad’,gs,ds,ps),cq), if ad_prio ad = Prio_Reducerwheread’=ad_new_prio No_Prio adcomproc_cycle (rs,[ ],out,glob,cq)=(rs,[ ],out,glob,cq)comproc_cycle (rs,(msg:msgs),out,glob,cq)=comproc_cycle (rs,in’,out’,glob’,cq’)where(in’,out’,glob’,cq’)=cp_accept_msg msg (msgs,out,glob,cq)opsys_cycle:: processor -> processoropsys_cycle (rs,in,out,glob,cq)=(rs,in,out,glob,cq), if os_cq_empty cq=opsys_cycle (os_first_call cq (rs,in,out,glob,os_rest_calls cq)), otherwisered_cycle:: processor -> processorred_cycle ((act_reds,pass_reds),in,out,glob,cq)=((act_reds,pass_reds),in,out,glob,cq), if act_reds = [ ]=(rs’,in,out,glob’,cq’), otherwisewherers’=((rid,loc’) : reds, pass_reds)(rid,loc) : reds=act_reds(loc’,glob’,cq’)=fetch_cycle (loc,glob,cq)fetch_cycle:: state -> statefetch_cycle ((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq)=((as,bs,cs,nq,pc,wl),(ad,gs,ds,ps),cq), if ~ os_cq_empty cq=fetch_cycle (currinstr ((as,bs,cs,nq,pc’,wl),(ad,gs,ds,ps),cq)), otherwisewherepc’=pc_next pccurrinstr=ps_get (pc_get pc) psD.3The new micro-instructionsabstypeastack, bstack, cstack, nqueue, pc , wlist,admin, graphstore, descrstore, programstore,opsys_callqueue, network, outputwith�gs_copy::nodeid -> procid -> descrstore -> graphstore -> graphgs_newchannel::procid -> graphstore -> (graphstore,nodeid)gs_root_update::(node -> node) -> graph -> graphgs_store::nodeid -> graph -> graphstore -> graphstoren_dest::node -> destn_global::procid -> nodeid -> ext_nidn_local::ext_nid -> nodeidn_pid_of_global::ext_nid -> procidn_putchannel::ext_nid -> node -> noden_setdescr::descrid -> node -> noden_wl_add_red::redid -> node -> noden_wl_add_req::request -> node -> noden_wl_clear::node -> noden_wl_get::node -> wlistn_wl_put::wlist -> node -> nodeds_get_repr::node -> descrstore -> stringbs_getP::b_src -> bstack -> procidbs_pushP::procid -> bstack -> bstacknq_add::nodeid -> nqueue -> nqueuenq_first::nqueue -> nodeidnq_init::nqueuenq_empty::nqueue -> bool

548APPENDIX D: PABC MACHINE SPECIFICATIONnq_new::nodeid -> nqueuenq_remove::nqueue -> nqueuewl_clear::wlist -> wlistwl_empty::wlist -> boolwl_init::wlistwl_new::nodeid -> wlistwl_nid::wlist -> nodeidwl_reds::wlist -> [redid]wl_reqs::wlist -> [request]ad_init ::procid -> procid -> adminad_new_redid ::admin -> (admin,redid)ad_new_procid::admin -> (admin,procid)ad_new_prio::schedule_priority -> admin -> adminad_nr_pids ::admin -> procidad_pid ::admin -> procidad_prio ::admin -> schedule_priorityos_call::opsys_callqueue -> [opsys_instruction] -> opsys_callqueueos_clear::opsys_callqueueos_first_call ::opsys_callqueue -> opsys_instructionos_init::procid -> procid -> [instruction] -> [descr] -> opsys_stateos_cq_empty::opsys_callqueue -> boolos_rest_calls::opsys_callqueue -> opsys_callqueuenw_distribute_msgs::network -> networknw_exec::(processor -> processor) -> network -> networknw_init::procid -> ([instruction],[descr]) -> networknw_output::network -> outputop_append::output -> output -> outputop_halt::output -> boolGraph storegs_copy top pid ds gs=copywhere(copy,bindings)=copy_nodes [top] pid ds gs 0 empty_bindingsgs_newchannel pid (nds,0)=error "cannot create new channel; graph-store is full"gs_newchannel pid (nds,free)=((nds++[new_channel],free-1),nid)wherenid=store_size-freenew_channel=Channel (wl_new nid) new_channel_entry (pid,(-1))gs_root_update f (n : r)=f n : rgs_store nodeid graph (old_graph,free)=error "cannot store graph; graph-store is full", if size_graph > free=(new_graph,free-size_graph+1), otherwisewheresize_graph=# graphsize_old_graph=# old_graphoffset=size_old_graph — 1(top:rest)=graphnew_graph=upd nodeid old_graph (n_copy’ top) ++[adjust_nids node | node<-rest]n_copy’ (Node descrid wl entry args) old=Node descrid (n_wl_get old) entry [arg+offset|arg<-args]n_copy’ (Basic descrid wl entry basic) old=Basic descrid (n_wl_get old) entry basic

THE NEW MICRO-INSTRUCTIONS 549n_copy’ (Channel wl instrid dest) old=Channel (n_wl_get old) instrid destupd 0 (nd : nds) f=f nd : ndsupd n (nd : nds) f=nd : upd (n - 1) nds fadjust_nids (Node descrid (rd,rq,nid) entry args)=Node descrid (wl_new (nid+offset)) entry [arg+offset|arg<-args]adjust_nids (Basic descrid (rd,rq,nid) entry basic)=Basic descrid (wl_new (nid+offset)) entry basicadjust_nids (Channel (rd,rq,nid) instrid dest)=Channel (wl_new (nid+offset)) instrid destThe lazy copying algorithmbindings = =nodeid -> nodeidcopy_nodes:: [nodeid] -> procid -> descrstore -> graphstore -> nodeid -> bindings-> (graph, bindings)copy_nodes [ ] pid ds gs n bindings=([ ],bindings)copy_nodes (nid : rest) pid ds gs n bindings=copy_nodes rest pid ds gs n bindings, if ~ bindings_is_empty bindings nid=(nodes,bindings’’), otherwisewherenode=gs_get nid gsnodes=new_node : nodes’(new_node,args)=copy_node pid ds n node bindings’’bindings’=bind nid n bindings(nodes’,bindings’’)=copy_nodes (args++rest) pid ds gs (n+1) bindings’copy_node:: procid -> descrstore -> nodeid -> node -> bindings -> (node, args)copy_node pid ds nid (Node descrid wl entry args) bindings=((Channel (wl_new nid) new_channel_entry rq_eid),[ ]), if descrid = defer_descr \/ entry = reserved_entry=((Node descrid (wl_new nid) new_entry new_args),args), otherwisewherenew_entry=d_node_entry (ds_get descrid ds)new_args=map bindings argsrq_eid=(pid,wl_nid wl)copy_node pid ds nid (Basic descrid wl entry basic) bindings=((Basic descrid (wl_new nid) entry basic),[ ])copy_node pid ds nid (Channel wl entry dest) bindings=((Channel (wl_new nid) entry dest),[ ])bind:: nodeid -> nodeid -> bindings -> bindingsbind src dst bindings n=dst, if n=src=bindings n, otherwiseempty_bindings:: bindingsempty_bindings nodeid=—1bindings_is_empty::bindings -> nodeid -> boolbindings_is_empty b n=b n = —1Nodesnode:: =Node descrid wlist entry nodeid_seq|Channel wlist entry dest|Basic descrid wlist entry basic|Emptybasic:: =Int int|Bool bool|Pid procidentry= =instriddest= =(procid,nodeid)reserved_entry=3

550APPENDIX D: PABC MACHINE SPECIFICATIONnew_channel_entry =4defer_descr=3n_dest (Channel wl instrid dest)=destn_global pid nid=(pid, nid)n_local (pid, nid)=nidn_pid_of_global (pid, nid)=pidn_putchannel ext_nid (Channel wl entry dest) = Channel (wl_clear wl) entry ext_nidn_setdescr new_descr (Node descr wl entry args) = Node new_descr wl entry argsn_wl_add_red rid (Node descr (rids,reqs,nid) entry args )=Node descr (rid:rids,reqs,nid) entry argsn_wl_add_red rid (Basic descr (rids,reqs,nid) entry basic )=Basic descr (rid:rids,reqs,nid) entry basicn_wl_add_red rid (Channel (rids,reqs,nid) entry dest)=Channel (rid:rids,reqs,nid) entry destn_wl_add_req req (Node descr (rids,reqs,nid) entry args )=Node descr (rids,req:reqs,nid) entry argsn_wl_add_req req (Basic descr (rids,reqs,nid) entry basic )=Basic descr (rids,req:reqs,nid) entry basicn_wl_add_req req (Channel (rids,reqs,nid) entry dest)=Channel (rids,req:reqs,nid) entry destn_wl_clear (Node descr wl entry args )=Node descr (wl_clear wl) entry argsn_wl_clear (Basic descr wl entry basic)=Basic descr (wl_clear wl) entry basicn_wl_clear (Channel wl entry dest)=Channel (wl_clear wl) entry destn_wl_get (Node descr wl entry args)=wln_wl_get (Basic descr wl entry basic)=wln_wl_get (Channel wl entry dest)=wln_wl_put (reds,reqs,nid) (Node descr (reds’,reqs’,nid’) entry args )=(Node descr (reds,reqs,nid’) entry args )n_wl_put (reds,reqs,nid) (Basic descr (reds’,reqs’,nid’) entry basic )=(Basic descr (reds,reqs,nid’) entry basic )n_wl_put (reds,reqs,nid) (Channel (reds’,reqs’,nid’) entry dest)=(Channel (reds,reqs,nid’) entry dest)Descriptor storedescr:: =Descr ap_entry node_entry arity namenode_entry= =instridd_node_entry (Descr ap_entry node_entry arity name)=node_entryds_get_repr (Basic descrid wl entry (Int i)) ds=show ids_get_repr (Basic descrid wl entry (Bool b)) ds=show bds_get_repr (Node descrid wl entry args) ds=d_name (ds_get descrid ds)B-stackbs_getP n bs=p where Pid p = bs_get n bsbs_pushP p bs=(Pid p):bsN-queuenqueue= =[nodeid]nq_addn nq=nq ++ [ n ]nq_first(n : nq)=n

THE NEW MICRO-INSTRUCTIONS 551nq_init=[ ]nq_empty(n : q)=Falsenq_empty[ ]=Truenq_newn=[ n ]nq_remove(n : nq)=nqWaiting listswlist= =([redid], [request],nodeid)request= =ext_nidwl_clear (reds,reqs,nid)=([ ],[ ],nid)wl_empty ([ ],[ ],nid)=Truewl_empty wl=Falsewl_init=([ ],[ ], —1)wl_new nid=([ ],[ ],nid)wl_nid (reds,reqs,nid)=nidwl_reds (reds,reqs,nid)=redswl_reqs (reds,reqs,nid)=reqsGlobal administrationadmin= =(nr_procids,new_procid,this_procid,redid,schedule_priority)nr_procids= =procidnew_procid= =procidthis_procid= =procidprocid= =numredid= =numschedule_priority:: =No_Prio | Prio_Reducerad_init nr_pids pid=(nr_pids, 0, pid, 0, No_Prio)ad_new_redid (nr_pids,new_pid,pid,rid,prio)=((nr_pids,new_pid,pid, rid’,prio), rid’)whererid’=rid + 1ad_new_procid (nr_pids,new_pid,pid, rid,prio)=((nr_pids,new_pid’,pid, rid,prio),new_pid’)wherenew_pid’=1 + (new_pid mod nr_pids)ad_new_prio new_prio (nr_pids,new_pid,pid, rid,prio)=(nr_pids,new_pid,pid, rid,new_prio)ad_nr_pids(nr_pids,new_pid,pid, rid,prio)=nr_pidsad_pid (nr_pids,new_pid,pid, rid,prio)=pidad_prio (nr_pids,new_pid,pid, rid,prio)=prioOperating system interfaceopsys_callqueue= =os_cqos_cq:: =OS_cq [opsys_instruction]os_call (OS_cq instr) new=OS_cq (instr ++ new)os_clear=OS_cq [ ]os_first_call (OS_cq (first : rest))=firstos_cq_empty (OS_cq (first : rest))=Falseos_cq_empty (OS_cq [ ])=Trueos_rest_calls (OS_cq (first : rest))=OS_cq restos_init nr_pids procid program descriptors=(rs,in,out,glob,instrs)wherers=([(rid_main, (as,bs,cs,nq,pc,wl))], [ ]), if procid = 1=([ ], [ ]), otherwisewhereas=as_init

552APPENDIX D: PABC MACHINE SPECIFICATIONbs=bs_initcs=cs_initnq=nq_initwl=wl_initpc=pc_init(ad_main,rid_main)=ad_new_redid (ad_init nr_pids 1)glob=(ad,gs,ds,ps)wheread=ad_main, if procid = 1=ad_init nr_pids procid, otherwisegs=gs_initps=ps_init programds=ds_init descriptorsin=[ ]out=[ ]instrs=os_clearThe communication networknetwork= =[network_element]network_element:: =P processorprocessor= =opsys_stateoutput= =[msg_contents]nw_distribute_msgs processors=[ P (rs,in ++ select_msgs (ad_pid ad) msgs,out,(ad,gs,ds,ps),instrs) |P (rs,in,out,(ad,gs,ds,ps),instrs) <- new_procs]wheremsgs = [msg | P (rs,in,proc_out,glob,instrs)<-processors;msg<-proc_out]new_procs = [ P (rs,in,[ ],glob,instrs) |P (rs,in,proc_out,glob,instrs) <- processors]select_msgs pid msgs = [cts | (src,dst,cts) <- msgs; dst = pid]nw_exec proc_cycle processors=[ P (proc_cycle processor) | P processor<-processors]nw_init nr_procids (program,descriptors)=[ P (os_init nr_procids procid program descriptors) | procid<-[1..nr_procids]]nw_output processors=[ cts | P (rs,in,proc_out,glob,instrs)<-processors;(src,dst,cts)<-proc_out;dst=0]op_append o1 o2=o1 ++ o2op_halt msgs=foldr (\/) False (map (= Msg_Halt) msgs)